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The economy of our country and Soviet sci- 
-€ have scored a great success. Because of 

* achievements of Soviet science and technol- 
' and because of characteristics of his own, 
et Major Yu. A. Gagarin has opened up a 

Vv era in the history of mankind, the era of 
én’s penetration into the cosmos. The de- 
Opment of all branches of the U.S.S.R. econ- 
y is rapid, and a new image of Soviet Man 
ses, with his tendency for creative work and 
the building of a bright future for commu- 

t SOciety. 


- 
/After an analysis of party activity in the first 
irs of the current Seven Year Plan, the 
enty-Second Congress of the C.P.S.U. will 
/iew the path travelled by the first socialist 
intry and, what is more important, will chart 
‘further progress toward the highest phase of 
jialism, true communism. Of particular im- 
‘tance in this respect is the development of 
ence and technology, communist education of 
| toilers, and the elimination of assorted prej- 
ces inherited from the old world. 


3 "No society is in greater need of science than 
jommunist society. Without a profound knowl- 
t: e of physics, chemistry, mathematics, bi- 
\gy, and other natural sciences, it is im- 
)sible to create the mighty productive forces 
able of bringing about the abundance of mate- 
1 aR without which there is no commu- 
eeCKommunist, “No: 3, 1961 -p. 8). 


ty for the development of science in this 
imtry. Especially significant in this respect 
}he Resolution of the Central Committee of the 
P. S. U. and the Council of Ministers of the 
5.S.R., of April 1961, on “Measures For A 
‘ter Coordination of Scientific Research and 

) Activity of the U.S.S.R. Academy of Sci- 
tes." While noting the great achievements of 
hiet science, this resolution points out the 


| *Navstrechu XXII s"yezdu kommunisticheskoy 
tii sovetskogo soyuza. pp. 3-4. 


LOOKING TOWARD THE TWENTY=SECOND CONGRESS 
OF THE COMMUNIST PARTY OF THE SOVIET UNION! 


serious shortcomings in its organization in gen- 
eral, and those in the Academy's activity, in 
particular. 


The Central Committee of the C.P.S.U. and 
the Council of Ministers believe that under pre- 
vailing conditions a further strengthening of 
theoretical study is most important in those 
fields which bear on the overall economy of the 
country. This resolution clearly defines the 
activity of the U.S.S.R. Academy of Sciences: 
“The Academy should exercise scientific and 
methodologic leadership in research in natural 
sciences (physics, mathematics, biology, and 
sciences of the cosmos and the earth, as well as 
in the humanities, and apply the results to the 
development of social economy and culture. " 


Another important task is assistance to other 
scientific research institutions of the country in 
their theoretical problems, a development of 
communication with scientific institutions of 
other countries, and training of scientific per- 
sonnel. 


On the eve of the Twenty-Second Congress of 
the C.P.S.U., and fully instructed as to the 
direction of their efforts, Soviet scientists should 
review thoroughly their projects, the distribution 
of scientific effort, the organization and equip- 
ment of their scientific institutions in order to 
cope with momentous tasks which the exigency 
of life poses before them. 


Our scientific institutions still lack the nec- 
essary concentration of means and effort on the 
most vital problems. There are minor projects 
not organically related to compound problems 
worked on in various institutions. It often 
happens that specialized problems take up long 
years without bringing substantial and timely 
theoretical results, 


The main field of basic research for theo- 
retical geologists is of course the earth's crust 
with its resources. It is naturally broken up into 
several important fields of study: the crust, its 
composition, structure, and regularities in the 
distribution of its resources. In the solution of 
individual problems in these fields, there is a 
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proper place for all geologic disciplines, with- 
out regard to the present high departmentaliza- 
tion according to administrative affiliation. 


Those working in the field of petrography, 
mineralogy, geochemistry, stratigraphy, and 
tectonics, should review their main projects in 
the light of this momentous overall problem. 
Even such specialized studies as volcanism and 
the geology of ground water (including deep 
thermal waters), cannot be excluded from the 
overall plan of study. 


The study of the crust should be carried on 
in a diversified and comprehensive way. It 
should be based on the achievements made by 
the geologic sciences themselves, with their 
peculiar historical approach to natural phenom - 
ena; as well as on the discoveries of modern 
physics and chemistry, the application of iso- 
topes and of geophysical and crystallochemical 
methods, and on the knowledge of the physical 
and chemical properties of the crust. Only the 
concerted action of the numerous groups of sci- 
entists involved in the solution of the problems 
of the crust may lead to our goal, a knowledge 


of the earth on which we live, and the bringing 
of its resources of mineral raw material and 
power to the service of a communist society. 


In the light of the new problems confronting 
the scientific institutions of the Academy, ex- 
perimental studies are of particular importance 
as are those in radiogeology and in the physical || 
properties of rocks and minerals. 


The problem of the upper mantle, formulated 
by the International Geophysical Union, is close 
related to the basic field of geology, a study of 
the crust. Such interrelated problems can be 
solved only by close cooperation among theo- 
retical geologists, geophysicists, and industrial 
geologists. The role of industrial geologist is 
particularly important in the designing and appli 
cation of complex specialized equipment for de 
drilling (10 km and better) at high pressures anc 
possibly high temperatures (300 to 400°C) ont 
continents and perhaps in the ocean bottom. 


A solution of all these problems is possible 
only with a concerted effort of a number of sci- 
entific and industrial organizations. 


In studying the Lower Permian marine mo- 
sse of the southern Urals, this author noticed, 
the Assel stage, some peculiar rocks ap- 
ciably more porous and cavernous than the 
rrounding limestones, and differing from them 
‘color. It appeared at first glance as though 
*y were the same limestones but strongly al- 
-ed by eluvial processes; further observations 
ve shown, however, that standard weathering 
uld not have formed such rocks. 

1 


‘It turned out that we deal here with high- 

ade phosphate deposits of an unusual meta- 
Matic origin. They have been observed in the 
Atyubinsk Oblast’, on the right bank of the 
aksa-Kargala, northeast of the Dombar 

‘ver mouth, in what is called by geologists the 
mbar Highlands. Accordingly we shall call 
ese phosphate deposits, and the place of their 
currence, the Dombar (Figure 1). 


MUTLINE OF THE GEOLOGY OF THE AREA 


‘Tectonics. The Dombar area is located in 

» upper Paleozoic folded zone, on the western 
ype of the southern Urals, and at the eastern 
undary of that zone. Best developed here are 
er Permian Assel rocks, with a steep west- 
y dip (S — 70° — W; at 75 to 90°); near the 
mbar River, they are replaced by young- 
Sakmarian beds. The homoclinal Lower 
iemian rocks are associated with the eastern 
ib of a syncline whose middle is filled up with 
tinskian rocks which crop out outside the area 
question. 


\In the east, the Lower Permian rests uncon- 
mably and transgressively on Viséan rocks 
posed in a broken band. Viséan beds, unlike 
, Lower Permian, dip to the east, steeply 

1°) to relatively gently (30 to 40°). Thrust 

j2r them from the east is the Zalair formation; 
ithe middle part of the Dombar area, the 


Ifetasomaticheskiye fosfority sredi Nizhneperm- 
kh otlozheniy Urala. pp. 5-17. 


METASOMATIC PHOSPHATE DEPOSITS 
IN LOWER PERMIAN DEPOSITS OF THE URALS! 


by 
I. V. Khvorova 


Zalair formation completely overruns the Viséan 
and rests directly on the Assel (Figure 1). 


Stratigraphy. We are interested here only in 
the Assel deposits with which the phosphate de- 
posits are associated. These deposits rest un- 
conformably on blue to green tabular, siliceous 
Viséan rocks and are overlain conformably by 
terrigenous Sakmarian deposits. 


The following four members are differentiated 
in the Assel stage of the Dombar area (reading 
upward): 


1. Light colored thick-bedded, detrital 
organic limestones, brownish dolomites and 
dolomitic limestones with an addition, locally 
abundant, of polymictic sand and gravel; locally 
with boulders and small chunks of Carboniferous 
bioherm and stratified limestones. There is an 
abundance of small fragments of siliceous Viséan 
rocks. Thickness, 175 m. 


2. Boulder and block limestone conglomerate, 
interbedded with sandy, pebbly layers and layers 
almost free of terrigenous matter, organic 
detrital limestones, locally dolomitic. The con- 
glomerate consists of boulders and small blocks 
(up to 2 m in diameter) of assorted limestones, 
white to gray, of a bioherm origin, free of terri- 
genous material, as well as organic detrital 
beds, with sand and gravel. The boulders and 
blocks locally form large, solid, irregular 
lenses which rapidly change laterally to clastic 
and organic detrital limestones with isolated 
blocks. The phosphate beds are associated with 
one such lens at the base of the sequence. Total 
thickness, 300 m. 


3. Arenaceous-argillaceous sequence with 
beds and horizons of calcareous gravel and con- 
glomerate, 300 m thick. 


4. Sandy, pebbly conglomeratic sequence of 
polymictic composition, 385 m thick. 


The overall thickness of the Assel stage is 
about 1200 m. 


Lateral changes. The thickness and the 
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Es! E2 C243 


FIGURE 1. Generalized geologic map 
of the Dombar area. 


1] - Quaternary alluvium; 2 - Sakmarian; 


3 - Assel; C; - Lower Carboniferous, 
D224! - Zalair formation; + - phosphorite 
deposit. 


stratigraphic composition of this section vary 
substantially over short distances, meridionally. 
Just north of the Dombar area, the Assel de- 
posits are missing and the Lower Carboniferous 
is overlain unconformably by Sakmarian terri- 
genous deposits. The same situation prevails 

to the north, for approximately 23 km, as far 

as Kiya River; at its right ank, the Assel de- 
posits reappear, now accompanied by thick 
Upper and Middle Carboniferous sections. On 
the left bank of the Zhaksa-Kargala, south of the 
Dombar area, the Assel section is the same as 
in Dombar, but its thickness is reduced to 600 
m because of a wedging out of its first member 
and of most of the second. Unlike the Dombar 
area, the Assel here is unconformably on Lower 
Namurian limestones, with large blocks of white 
and pure organic Moscovian limestone locally 
preserved above them, as well as occasional 
thin Upper Carboniferous organic detrital pebbly 
limestones. This section is traceable for 25 to 
27 km, and the entire Assel section is present 
only farther south where it is conformably on 
thick Upper Carboniferous flysch. 


Only 7 km west of Dombar, the coarsely 
clastic high-carbonate Assel rocks with their — 
numerous blocky beds are replaced by regularly 
stratified sandstones and shales with rare con- 
glomerate beds. Here, the Assel deposits res» | 
conformably on thick Upper Carboniferous 
flysch. 


Thus, the Dombar area is located in the leas 
complete zone of the upper Paleozoic, with the 
Upper and locally the Lower Namurian missing,4 
as well as the Middle and Upper Carboniferous, 
and the Assel missing north of Dombar. In the 
north, south, and west, this zone is bound by 
areas of very thick Upper Carboniferous flysch,! 
with another thick Lower Permian section con- 
formably above them. 


Structure of the area. The rapid changes of) 
the Assel section and its relations to older sec~ 
tions are determined by certain features of the ¢ 
eastern fringe of the south Uralian trough. 


The so-called Kiya uplift protruded into the 
trough from the east, in the Middle and Late 
Carboniferous. Only its extreme western tip i¢ 
accessible for study. The incomplete section — 
mentioned above is associated with this uplift. 
An analysis of Carboniferous facies and thick- ° 
nesses suggests that the uplift was of a horst 
type, probably related in some way to the cen- * 
tral Uralian zone. Morphologically, this struc 
ture was a cordillera bound on the west, north, : 
and southwest by considerable depths where 
flysch was deposited. This cordillera was sub* 
merged, now and then, and thin shallow-water * 
carbonate beds were deposited over it; at other 
times it stood high and underwent erosion. At ! 
the onset of the Permian, the Kiya uplift was ini 
volved in a differential subsidence, evidently 
associated with its breaking up into individual 
blocks. 


The Dombar area represents one such 
block; it began to subside before its neighbor ta 
the south and especially to the north. This is 
why the entire Assel section is present here, 
while it is missing in the north and only partly { 
present in the south, on the right bank of the 
Zhaksa-Kargala. 


Paleogeography. At the beginning of Assel — 
time, the Dombar area was located in the littox 
zone of a marine basin, with its shore broken } 
into locally steep cliffs, of Carboniferous lime} 
stones, including numerous bioherm varieties./ 
Accumulated offshore were shallow-water, 
mostly carbonate, clastic, and organic sedi- 
ments, with occasional piling-up of blocks falld 
from the cliffs, probably due to earthquakes; 
individual blocks are 5 to 7m across. The ab 
sence of fine grained deposits, coupled with 
well-rounded clastic and shell material, indi- |" 
cates shallow and mobile water. 


I.V. KHVOROVA 


PETROGRAPHY OF PHOSPHATE BEDS 
AND ENCLOSING ROCKS 


Dominant among the Donbar phosphate de- 

sits are boulder - to blocky varieties, with 

=r conglomerates also present. The blocks 

| boulders usually are light-colored, with 

tish to yellowish, less commonly pink, hues. 
se rocks show a bizarre pattern of caverns 
spots, with numerous incrustationss and 

ally resemble bioherm limestones. Blocks 

h a breccia structure are fairly common. 

2 finer conglomeratic varieties (Figure 2) 


/ FIGURE 2. Fine-pebble phosphoritic 

* conglomerate with isolated pebbles 

| of quartz (a) and siliceous 
rocks (black). 


FIGURE 3. 


rock. Single nicol; 8X. 


are formed by fragments from fractions of a 
centimeter to several centimeters long, ce- 
mented by a small amount of fine-grained mate- 
rial. This rock is brown-gray to mottled, be- 
cause of the red, pink, and gray pebbles; it is 
locally cavernous, with the cavern walls always 
covered by a white crust. Unlike the boulders 


_ and blocks which are free of terrigenous mate- 


rial, the fine-pebble phosphates carry small 
fragments of vein quartz and metamorphic 
schists. 


Microscopic study has shown that these rocks 
consist of two varieties of phosphate: finely dis- 
persed, sometimes called "amorphous"; and 
obviously crystalline. The first, as seen in 
passing light, is a dense yellowish groundmass 
more or less colored by iron hydroxide; it either 
does not show any birefringence, or else re- 
sponds weakly to polarized light, as the result 
of a partial and very fine crystallization; its 
refractive index is 1.603. The second variety 
is formed by transparent elongated prismatic 
hexagonal to acicular crystals, uniaxial, opti- 
cally negative, with a negative elongation and 
w= 1.616 and « = 1.610. Judging from the re- 
fractive indices, this is francolite. The crystal 
size is different for different segments, from 
quite small (0. 005 x 0.015 mm) to 0. 015 x 0.3 
mm. 


The structural features of phosphate beds 
are particularly conspicuous in thin section, 
seen in passing light. Their organic or clastic 
texture is generally quite obvious (Figures 3 
and 4). Thefragments (pebbles) are clot-like. 
odlitic, organic detrital, mudstone, or fine- 
grained, depending on the limestone of their 
origin. Their structural similarity is enhanced 
by the presence in some phosphates of numerous 
rhombohedrons reminiscent of dolomitic types 


Fine-pebble phosphoritic conglomerate. 


On the right, a pebble of phosphatic sponge-spicule 
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FIGURE 4. Phosphorite with relicts of 
organic texture (phosphatic organic 
detrital limestone). 


Single nicol; 33X. 


(Figure 5) and made up of fine-grained fran- 
colite. In addition to these fragments of what 
obviously were carbonate rocks, there are 
pebbles of rocks consisting of sponge spicules 
and radiolaria, and of metamorphic and ex- 
trusive rocks. Most of the fragments have 
been replaced by phosphate, with only a few 
having preserved the original composition or 
having been partially replaced. All of the lime- 
stone fragments and shells have been phos- 
phatized, as well as their binding groundmass, 
with some fragments consisting of ''amorphous" 
phosphate, the other, crystalline, and still 
others of both. This is determined to a certain 
extent by the primary structure of carbonates: 


FIGURE 5. 
rhombohedrons (phosphatic dolomite). 


Single nicol; 86.5X. 


Phosphorite with relicts of dolomitic 


"amorphous" phosphate is associated with hom 
geneous fine-grained segments, while the crys- 
talline replaces the rhombohedrons, shells, an 
the relatively coarse-grained portion of cement 
at the same time, the crystalline francolite is 
developed irrespective of the sedimentary struc 
ture, by forming intricate veinlets and inclu- _ 
sions in the amorphous body, in places com- 
pletely replacing the fragments and shells whose 
outlines are preserved in the fine residual en- 
velope of amorphous" phosphate. As we shall | 
see later on, similar relations between pelito- 
morphic and finely crystalline calcite, associ- 
ated with epigenetic recrystallization, have 
been observed in the limestones, as well. The 
structural heterogeneity is particularly strong 
in massive cavernous phosphates which form 
numerous boulders; the distribution of the 
"amorphous" and crystalline components here 
is quite similar to that of variously recrystal- 
lized segments in bioherm limestones (Figures + 
6 and 7). 


Crustification is quite common and con- 
spicuous in phosphates. Fine crusts (0. 2 to 
0.5 mm thick) of prismatic to acicular fran- 
colite crystals cover the fragments and shells, 
the cavern walls, and often originate independ- 
ently of the primary texture. The incrusted 
cavities are commonly filled up with iron hydr 
ide (Figure 8), coarse quartz crystals (Figure 
9), and pelitomorphic calcite (Figure 10). The 
latter was obviously formed after the phos- 
phatization, and its presence in the caverns 
warrants special mention. 


The phosphates contain a comparatively sma 
amount of noncarbonate fragments maintaining 
their original composition. Thus, one of the 


Single nicol, 7.5X. 


thy epidote and leucoxene. 


FIGURE 8. Francolite incrustation 
siliceous fragments, iron 
hydroxides in cavities. 


Single nicol; 33X. 


FIGURE 6. Mottled phosphate; 

dark ''amorphous'! francolite; 

and light crystalline 
francolitee 


jn sections shows a pebble with a groundmass 
‘irregularly arranged small prismatic crys- 
is of francolite and a few idiomorphic in- 
sistation of quartz, reminiscent of pheno- 

a7sts in porphyries or quartz keratophyres 
‘gure 11). Obviously, this is the phosphatized 


ib small fragments of spilites, partly-toefully 
dlaced by francolite. The latter is developed 


arated by cryptocrystalline phosphate with 
served products of greenstone alteration, 


in 


I.V. KHVOROVA 


FIGURE 7. Typical ''mottled!! 
structure of bioherm 
limestone, 


Single nicol; 5.5X. 


Incomplete replacement by phosphate has 
been observed in some sponge spicule and 
radiolarian rocks, where the groundmass is 
represented by '‘amorphous" phosphate while 
the organic remains have preserved their chal- 
cedonic composition. Interesting partial phos- 
phatization has been observed in a fragment of 
garnetiferous micaceous quartzite: several thin 
“partings" with abundant finely crystalline 
phosphate carrying only extremely fine lenticular 
quartzite bodies, strongly decomposed biotite 
scales, and isolated grains of garnet. In the in- 
termediate “'partings" phosphate is present only 
in dendritic veins and quite small isolated in- 
clusions (Figure 12). 


Many phosphorite samples carry small addi- 
tions of sand, both in cement and in the pebbles. 
The sand grains are quartz; feldspars, quite 
common in contemporaneous limestones, are 
missing here. Instead there are phosphate 
grains, of the same size and shape as the quartz, 
and unlike the limestone fragments; these obvi- 
ously are feldspars replaced by francolite. 


The chemical composition of the phosphates 
is illustrated in the table. It shows the broad 
range of the insoluble residue content (2.5 to 
23%) determined by variation in the terrigenous 
material content, abundant in sandy and pebbly 
varieties, and insignificant in bioherm rocks 
(analyses 1, 3, 9). The low COg content sug- 
gests the fullness of phosphatic metasomatism. 


As pointed out before, phosphates are de- 
veloped in limestone interbedded with dolomite. 
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FIGURE 9. A cavern in phosphorite, 
filled up by quartz with incrustations 
of prismatic crystals of francolite. 


Nicols crossed; 33X. 


FIGURE 10. 


A cavern in phosphate, filled 
up with fine-grained calcite with 
francolite crystals. 


Single nicol; 33X. 


The limestone is clastic, organic, or less 
commonly amorphous. The first variety is 
represented by fine pebbles of fine-grained, 
foraminiferal, coagulated, odlitic, and other 
limestone; i.e. , those occurring in the phos- 
phates. The second variety is diversified in 
composition, size, and degree of rounding of 
its fragments. All these rocks are unevenly 
but fairly strongly recrystallized, especially 
the coarsely detrital varieties. Relatively 
coarse calcite crystals are developed mostly 

in the groundmass, although the recrystalliza- 
tion often affects the fragments, as well, in 
which case only a thin crust of microcrystalline 
calcite remains. Recrystallization proceeds 
without regard to the sedimentary structure, in 


veins and intricate patterns of fine-to 
medium-crystalline calcite. Relationshig 
between the fine and coarser grained conmi 
ponents, in limestones, is reminiscent cf 
that between the crystalline and "amor- — 
phous" component of the phosphates, beim 
somewhat more complex in the phosphate: 


Often present in the limestones are 
polymictic sands and gravels, with the 
grain composition, form, and size, the 
same as in the phosphates, except that thi 
phosphate beds alone contain feldspar 
grains, as well as somewhat more numerg 
ous fragments of cryptocrystalline argilié 
ceous and siliceous rocks. Characteristi 
cally, many fragments have been strongl 
corroded, with an internal development a 
calcite; in places they are cut by calcite 
veins. Veinlets and partings of seconda 
quartz have been observed in a fragment | 
of micaceous quartzite. All these pro- 
ducts of redistribution of calcium car- 
bonate during epigenesis are quite simil 
to the corresponding phosphate formati 


Microscopically, there is practically , 
no evidence of phosphates in the lime- 
stones. Out of the numerous thin sectior 
inspected, a single one showed a few s 
(up to 2 mm) diagenetic phosphate grains# 
Another section contained a rounded frags 
ment of radiolarian rock, partly phos- 
phatic. 


Carbonate analysis of limestones show 
a considerable variation in the insoluble 3 
residue content (6 to 15%) in addition to = 
generally small, magnesium carbonate 
content (0 to 2.5%, seldom 7%). The 
amount of P9Os in the limestones is usué 
on a par with the Clarke index, rarely 
proaching 1%. 


Structurally, the dolomites are quite : 
uniform, usually being a product of lime: 
stone dolomitization. They are irregulai) 
granular: in one thin section, the rhom~~ 
bohedrons range from 0. 02 to 0. 2 mm. 
The rock usually shows a clastic to orga) 

structure, with some shells keeping their calc: 
composition. The terrigenous fraction is the » 
same as in the limestones. Unlike the lime- 
stones, the dolomites are considerably more | 
porous and slightly colored with iron hydrox- © 
ide which occasionally forms small nodules. 


The presence of phosphates in the dolomite}i 
is more conspicuous. First, they, like the 
limestones, carry very fine fragments of fine 
grained siliceous rocks, partly-to-fully replac 
by phosphate. Secondly, there are here oc- 
casional small (up to 2 mm) phosphate con- 
cretions always deeply colored by iron hy- 
droxide. Third, the "amorphous" phosphate 
locally fills the interstices between dolomitic |} 


FIGURE 11. Phosphatic extrusive rock 
with quartz phenocrysts. 


Nicols crossed; 81X. 


hombohedrons or forms dendritic veinlets; 

Iso present are veinlets of cryptocrystalline 
halcedony with numerous extremely fine 

< 0.003 mm) phosphate grains. There are 
casional secretions of phosphate with or with- 
ut silica on the pore walls; the pores could 
nave been filled up with a soft phosphatic sub- 
tance which was leached in weathering. It 


f samples for phosphorous has always colored 
the wall pores intensively. 


) Carbonate analysis of the dolomites has re- 
ealed a high content of insoluble residue (11 to 
0%) and of MgCOg (25 to 30%), with a small 


hould be noted that the qualitative field analysis 
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P90. content (0. 15 to 0. 75%). No appre- 
clable relationship has been observed be- 
tween the amount of phosphorus and the 
degree of dolomitization; it is practically 
the same in both limestones and dolomites. 
The certain conflict between the chemical 
and microscopic data is evidently due to 
the higher dispersion of phosphate com- 
pounds in the limestones, which renders 
them less conspicuous. 


Petrographic studies of carbonate rocks 
and the phosphates lead to the following 
conclusions: 


1. The Dombar phosphates are of 
metasomatic origin, having been formed 
by francolite developed on already lithified 
carbonate rocks, by completely replacing 
calcite and dolomite, and partly the terri- 
genous material as well, such as feldspars 
and acid and basic extrusives. The quartz 
and micas (muscovite, biotite) remained 
unreplaced, with the phosphate vemlets 
in quartzites and metashales having orig- 

inated in the replacement of corresponding cal- 
cite formations. 


2. Phosphatization took place after dolo- 
mitization and silicification. 


3. The nature of phosphatization is deter- 
mined to a certain extent by the structure of the 
carbonate rocks. At the same time, the crusti- 


fication phenomena are typical of the phosphate 
beds only; it appears that locally francolite grew 
on the walls of hollow caverns, with some of 
them subsequently filled up with fine-grained 
quartzite. 


ibd FIGURE 12. Micaceous quartz with ''partings'! 
| (a) and veinlets (b) of phosphate. 
| Single nicol; 36x. 


Chemical composition of phosphates 
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4, The phosphatization was accompanied by 
BEBSA a weak "ferruginization" and silicification of 
| rocks, with the silica precipitated together with 
phosphate (thin growths of cryptocrystalline 
chalcedony in "amorphous" phosphate), or some- © 
what later on (as a pore filling). 
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THE FORM OF THE ORE BODY 


In plan, the Dombar phosphate deposits form 
an asymmetric lens, about 90 m long, with a 
maximum thickness of about 40 m, on the whole 
conformable with the enclosing rocks; in the 
south, it trends N — 10° — W; in the north, 
N — 40° — W. Its northern end is blunt; the 
southern sharp (Figure 13). Its dimensions and 
form cannot be accurately determined, even in 
plan, without mining works. Neither do we have 
any data on its plunge. 


0.04 
0.20 
None 


Only phosphates are developed within the 
lens; no unreplaced limestones have been ob- 
served, at least in the exposure. The lens out- 
lines are sharp, with non-phosphatic rocks de- 
veloped immediately outside. Four samples 
were taken near its southern end, fairly well 
exposed, as close as possible to the ore body, 
not farther than 0.5 to 1.0 m from the pure 
phosphate outcrop. The content of P20s in these 
samples was 0.04, 0.17, 0.01, and 0.55% (Fig- 
ure 13), with 0. 99% some 50 m away from the 
southern wedge-out of the lens. This is the 
P Os content for the Dombar Assel carbonate 
rocks; consequently, there is no phosphate en- 
richment of limestones in the vicinity of this 
phosphate body. 
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As shown in the cross-section (Figure 13), 
the phosphate deposit is associated with a 
boulder bed lens. However, the deposit does 
not follow the lens outline. A finely clastic 
limestone above the main boulder bed touches 
the phosphate body in the south and either is 
part of it or else wedges out on its side. Un- 
fortunately, it was impossible to ascertain 
which was the case. 


.37 |Trace 


0.80] 1.56 
41.80] 4 


In order to determine the distribution of 
phosphorus in limestones enclosing the phos- 
phate body, we sampled, layer by layer, the 
interval stratigraphically below it and some- 
what to the north, also a small lentil immedi- 
ately underlying it (Figure 13). The testing was 
done with a nitric acid solution of ammonium 
molybdenate; in addition, 20 samples were taken 
for control chemical analyses. 


Ww 


Appearance of phosphates 
Light-colored, ‘porous 
Finely clastic 
Pink, breccia-like 
Composite of several 

hand specimens 
Gray, finely clastic 
"W 
Sandied 
Pink, breccia-like 


Qualitative testing and chemical analyses 
have shown the absence of any appreciably phos- 
phorous enrichment. Nowhere did the P9Os, 
content exceed 1.5%; usually it was about 0. 1%; 
certain stratigraphic horizons show some small 
enrichment (0. 75 to 1.05%), subject to strong 
fluctuations and occasionally dropping to the 
Clarke index; this last circumstance is evidently 


1gamples 1-4 were analyzed in the Chemical Laboratory of the Geological Institute of the Academy of Sciences of the USSR, samples 5-9 — in 


the Analytic Laboratory of the Mineral-Chemical Research Institute. 
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tent of P20c in rock. 


) explained by a diagenetic redistribution of phos- 
‘phorus in the sediments. In rocks on the level 

/ With the phosphate lens and above, the phos- 
(phorus content was either normal or only slight- 
ly higher (about 1% P2Os). 


ORIGIN OF THE DOMBAR PHOSPHATES 


The structural features of this phosphate de- 
(posit indicate its metasomatic origin. There 

| are three possible sources of the phosphorus: 

| 1) a primary precipitation out of sea water; 2) 

) infiltration from younger phosphate beds above; 
| 3) deposition by ascending solutions. We shall 

| consider the probability of each. 


i 1) The form of the ore body rules out a sedi- 
|) mentary origin of the phosphate. Precipitation 
) of phosphorus compounds out of sea water would 
/ not have produced such a small and local con- 
centration; it would rather have enriched a con- 
‘siderable area of deposits. Moreover, the 
‘phosphatization would have been associated with 
fine-grained sediments rather than with the ac- 
/cumulation of blocks where a preservation of 
‘chemical deposits is impossible. Nor can it be 
-assumed that the lens is simply a heap of earlier 
| phosphatized limestone fragments having orig- 
inated, for example, on a Kiya uplift shoal. In 
that event, the phosphate boulders and blocks 
would have been scattered over a wider area, 
occurring wherever there are erosion products 
of the corresponding rocks. It also should be 
kept in mind that the lens cuts the boulder bed 
(Figure 13). 


2) Quite plausible, at first glance, is the 
assumption of an infiltration of phosphorus from 
above, from phosphorite beds in Cretaceous 


ll 


I.V. KHVOROVA 


Meters ete" 


RY BRA? BIS)s GE4 
Eras BEI6 


q 20 40 Ud 5p 


FIGURE 13. Diagrammatic cross-section of Assel deposits 
with a phosphate lens. 


1 - phosphate beds; 2 - boulder-block limestone conglomerate; 
3 - limestone with occasional chunks; 4 - sandy and gravelly 
limestone; 5 - organic detrital limestones; 6 - dolomites; 2 
Roman numerals - exposure numbers; figures in boxes - % con- 


deposits. Such a theory is rendered more at- 
tractive by published data on the existence of 
infiltration phosphates in Carbonaceous lime- 
stone karst terrain [2]. However, a more 
cautious approach is suggested by certain facts. 
The Dombar phosphates are not associated with 
a definite elevation, which should have been the 
case if their source had been in horizontal 
Cretaceous beds; and anyway, there are no sink- 
holes in the Dombar area. 


Obviously, with an infiltration from above, 
metasomatic phosphates should have been quite 
common in the southern Urals where they would 
surely have been observed where the phosphate- 
carrying Cretaceous beds rest directly on Paleo- 
zoic rocks. No one, however, has seen that. 

It should also be kept in mind that the overall 
thickness of Upper Cretaceous phosphates is 
usually small (about 1 m) and that they are 
represented by thin layers with 17 to 19% P205 
[1]. They could hardly have been the source 
for such a rich phosphate metasomatism as is 
present in Dombar. 


3) Phosphate deposits requiring ascending 
solutions for their formation are so rare that 
the majority of geologists dealing with sedi- 
mentary phosphates will probably argue against 
such a possibility on general principles. Iso- 
lated examples of phosphate coming from below 
are known from literature. Thus, G.S. Dzot- 
senidze [3] has discovered secondary phos- 
phatization of tuffs and basalts in the Mtavary 
formation; he believes that formation waters 
leached the phosphorus from the underlying in- 
terval primarily enriched in phosphorus, and 
deposited it under the basalt seal. In a number 
of places, no primary phosphate enrichment has 
been observed in the vicinity of phosphate lenses, 
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which led G. S. Dzotsenidze to assume a migra- 
tion of solutions over considerable distances. 

It is of interest that springs flowing from the 
Mtavary formation still carry phosphorus com- 
pounds. 


The Rezhevsk phosphates in Sverdlovsk 
Oblast', the Urals, are supposed to be hydro- 
thermal [4-6]. Externally, as well as in 
chemical composition and microscopic texture, 
they are strikingly similar to those of the Dom- 
bar. They are developed in crystalline schists 
and marbles cut by granite. These phosphates 
form several isolated deposits, stock to pocket - 
like, in places associated with brown iron-ore 
deposits. They are friable in outcrops, and so 
hard at depth that they have to be blasted. Some 
deposits were mined to a depth of 15 m. V.N. 
Chirvinskiy [6] points out their similarity to 
Estremadura phosphates and assumes accord- 
ingly that both are of hydrothermal origin. 


The occurrence and nature of Dombar phos- 
phates rule out a primary sedimentary origin; 
an infiltration from above, too, is little prob- 
able. This leaves the deeper source of phos- 
phate, which is in accordance with the latter's 
high concentration and localization. 


Two variants of this hypothesis are possible: 
1) the phosphorus was brought in during Assel 
time; i.e. , contemporaneously with sedimenta- 
tion; and 2) the phosphatization occurred after 
the Permian folding (rejuvenated deposit). The 
choice between the two depends on the shape of 
the deposit, at depth; i.e., whether it is a 
stock or the segment of a lens conformable with 
the enclosing Permian sediments. Until we have 
learned more about the shape of the ore body, 
the question of the source of its phosphorus as 
well as that of the time of metasomatism will 
remain open. 
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CERTAIN EPIGENETIC FEATURES OF TERRIGENOUS DEPOSITS’ 
IN PLATFORM AND GEOSYNCLINAL PROVINCES 


by 


A.V. Kopeliovich, A. G. Kossovskaya, and 
V.D. Shutov 


nalysis of the principal rock-forming proc- 
Ss taking place during epigenesis calls for a 
-Minary consideration of certain features of 
ieding stages responsible for the mineral 
dOsition and constitution of terrigenous 

Ss. 


‘eathering is known to be an important phe- 
2non predetermining the mineral composi - 
of such rocks, both argillaceous and arena- 
s. Climatic conditions, duration, and in- 
ty of weathering determine the primary 

ral composition of sediments. Graywackes 
arkoses may be extreme examples of pri- 

y terrigenous material, in rapid weathering 
mpanied by intensive erosion; quartz-kaolin- 
ocks, approaching the monomineral, may 

be products of long and intensive weather - 
_A natural series of transitional types exists 
een these two groups. 


has been recently determined that contrary 
€ prevailing notion, a transfer of terri- 

us material, even over quite considerable 
nces, has almost no effect on its mineral 
yosition [13, 14, 17, 18, 20]. What does 
place in the transfer and deposition; i.e., 
iment genesis, is largely a differentiation 
aterial, by grain size, which determines the 
il structural-textural features of sediments. 
r mineral composition is naturally related 
eir granulometric types. Withal, the over- 
omposition of arenaceous and argillaceous 
nents in a basin is quite similar on the 

e to disintegration products of the source 

S. 


hen follows a long period of post-sedimenta~ 
alteration of deposits and rocks, with quite 
ual changes in their physicomechanical and 
stural properties; the boundaries of individ- 
tages or phases of these transformations 
cather arbitrary, as yet, because of the lack 
lequate and objective criteria for their 
ation. 


) nekotorykh osobennostyakh epigeneza terri- 
ach otlozheniy platformennykh i geosinklinal'nykh 
tey. pp. 18-31, d 
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It was assumed until recently that diagenesis 
is the main stage of authigenic mineral-making 
in terrigenous sediments, a completely natural 
assumption in view of the fact that the intensive 
alteration of clastic material can take place only 
in the presence of a free exchange between highly 
mineralized ooze waters and bottom waters, and 
in the presence of active organic matter. 


One of the most important factors is missing 
among these premises: time. Against the back- 
ground of geologic time, the duration of a dia- 
genetic period is only a short interval; it is 
therefore not surprising that the composition of 
minerals in recent clastic and argillaceous de- 
posits turns out to be quite similar on the whole 
to that of clastic ooze dumped into the basin [ 18, 
21]. Present-day sediments contain such un- 
altered components as volcanic glass, basic 
plagioclases,-olivine, and leucite — all rare 
minerals, with the last two even missing in 
sedimentary rocks. 


All this does not necessarily mean that no re- 
working of primary clastic material takes place 
in diagenesis, and no authigenic mineral-form- 
ing. Such processes do take place but they in- 
volve only the most "reactive" components of 
the sediment. Foremost among such compo- 
nents are clastic iron hydroxides which partici- 
pate in the formation of a number of diagenetic 
ferruginous carbonates and sulfides. The terri- 
genous fraction undergoes a comparatively small 
transformation perceptible only in minerals with 
layered lattices, more specifically in clay min- 
erals. Under certain geologic conditions, the 
clay minerals may undergo considerable altera- 
tions, as if determined by the physical condi- 
tions of the surrounding medium. Clastic min- 
erals with a skeletal structure, even the least 
stable, appear to undergo only very slight 
changes, not yet observed microscopically by 
anybody. 


The list of true diagenetic minerals is rather 
restricted, on the whole. It includes glauconite, 
vivianite, certain phosphates, and chamoisite; 
sulfides, however, as well as carbonates, may 
originate in both diagenesis and epigenesis; it is 
almost impossible to distinguish between the two 
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in a rock. For this reason, at the present 
state of our knowledge of the mineralogy of dia- 
genesis, the degree of mineral alteration in a 
sediment or the appearance of some new min- 
eral formations cannot be used as a criterion 

of the diagenesis-epigenesis boundary. Mineral 
forming processes, originating in diagenesis, 
change gradually to a long process of epigenesis 
and find their culmination in rocks rather than 
in sediments. By the same token, there is no 
such thing as the thickness of a diagenetic zone. 
It should be noted, in evaluating this thickness 
that the diagenetic process itself has been 
thought of apart from any specific environment. 


No weight has been given to the consideration 
that in provinces of a rapid sedimentation, the 
diagenetic process is necessarily very short, 
especially with the sediment rapidly passing 
out of the zone of active interaction with water, 
even before an initial adjustment to new condi- 
tions. The situation is different in provinces 
of slow sedimentation, with the sediment sub- 
ject to a prolonged interaction of ooze and 
bottom waters and undergoing considerable 
mineral changes reflecting the surrounding 
conditions. 


Obviously, the diagenesis-epigenesis bound- 
ary can be drawn only on changes in the physi- 
cal and mechanical properties of the sedi- 
ment; i.e., on its transition from a fluid plastic 
to a solid-plastic state, when the sediment dis- 
appears as such, to become a rock [8]. 


The main factors determining the rock 
alterations in epigenesis are as follows: 


1) an ever-rising pressure and some rise 
in temperature, both associated with subsid- 
ence; 


2) interaction of rock and pore space waters, 
with the degree of mineralization increasing 
with depth, and with changing mineral composi - 
tion; 


3) the length of stay in the epigenetic zone, 
as determined by the geologic age of the rock; 


4) the stress (in folded provinces), deter- 
mining the so-called "thorough movements" 
Within the rock, leading to considerable rises 
in temperature and pressure. 


The epigenetic period may be divided into 
two stages: the initial and the deep-seated. 


The zone of unaltered or argillaceous ce- 
ment proper corresponds to the initial stage in 
sedimentary sections. Typically, both mud- 
stone and sandstone cement carry true clay 
minerals, either inherited from the preceding 
rock-forming stage or originating at this very 
stage, most commonly as a continuation of 
earlier alteration processes in clastic 
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components. Present along with such "pure" 
clay minerals as kaolinite, montmorillonite, 
and hydromicas, are (and usually in much gre 
er amounts) extremely finely stratified mem- 
bers of assorted clay minerals, detectable only 
by X-ray analyses. 


Rocks in the zone of argillaceous cement 
proper preserve to a considerable extent the 
textural and structural features acquired in 
sedimentation and diagenesis. A typical fea- 
ture is the progressive downward increase in 
the degree of compaction of rocks, and the 
porosity reduction from 30 or 35% to 10 or 12%. 


An important feature of this zone is the epi- 
genetic solution of unstable clastic minerals: 
pyroxenes, amphiboles, and basic to inter- 
mediate plagioclases. It brings about typical 
solution forms: crenulate, step-like, etc., and | 
subsequent disappearance, down the section. 


This phenomenon is particularly conspicuous: 
in thick terrigenous sections with a single pri- 
mary composition of clastic material. In that 
event, the composition of the heavy fraction is 
particularly diversified, in rocks of upper beds 
where it is characterized by the presence of 
many unstable minerals, up to pyroxenes. 
Going downward, the pyroxenes disappear, but 
amphiboles persist for some distance, until 
epidote alone remains among the unstable min- 
erals; finally, the lowest beds carry only the 
so-called stable minerals: zircon, garnet, 
rutile, "ete; (Figures) 1)” 2): 


This typical zonation in the distribution of 
accessory minerals throughout thick clastic 
sections, first noted by F. Pettijohn [19], and 
now proven to be quite common, is formed at 
early epigenetic stages. 


The composition of the main mineral line 
changes along with the accessory minerals; 
i.e., there is a gradual disappearance of feld- 
spars, accompanied by a lowering in their 
basicity. It is superfluous to stress the im- 
portance of all these phenomena in various 
paleogeographic reconstructions; in determininy 
the source of sediments; and consequently in 
general conclusions on the history of this or 
that region. 


Intralayer solution of minerals is promoted 
by the presence of ground water, ordinarily 
containing hydrocarbonate, occasionally sulfat 
Such waters are good solvents of unstable clast 
minerals with skeletal structures (femic min- 
erals, feldspars); they also promote the com- 
monly radical alteration of minerals with layer 
ed lattices (trioctahedral hydromicas; feld- 
spars), to form minerals more ‘stable under th 
prevailing conditions. 


In the disintegration of minerals, many ele- 
ments pass into solution: first Fe, Mg, and Ca, 
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j1 to smaller extent Si, Al, and Na. 


j; On conditions assuring the intensity of ex- 
lange between these and surface waters, the 


Depend- 


the rock-forming ones in the crystalline lattices 
of minerals. Under favorable conditions, these 
processes may lead to a concentration of certain 


/nponents are shifted about, more or less 
}orously, and either are leached out or 
jcticipate in the formation of a number of 


shigenic minerals; i.e. , carbonates, zeolites, 


fl sulfates, which appear to be "replacing" 
disintegrating unstable minerals. 
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FIGURE 1. 


ores [ 2]. 


The unaltered argillaceous cement zone in 
platform and geosynclinal provinces has a num 
ber of features of its own. Platform deposits 
are marked by a motley section consisting of 


Gulf of Mexico 
(after Cohen, 1940) 


Tertiary 


Stauro- 
lite 
zone 
Zircon 
Tourmaline 


Garnet 


Rutile 
Staurolite 
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Titanite 


Hornblende 


Maryland 
Anderson, 


Zonal distribution of heavy minerals in deposits of various ages 


and regions, 


Solid line marks the presence of minerals in more than 50% samples analyzed. 


in some beds, originally rich in unstable 
aponents, these processes of intralayer 
ution, the liberation of “rock-forming" ele- 
ats, and the development of authigenic for- 
dions, are quite extensive. The solution of 
umber of minerals puts into circulation cer- 
1 minor elements isomorphically replacing 


rapid alternations of rock intervals with differ - 
ent composition. This diversity may be a result 
of changes in source rocks, particularly changes 
in degree of weathering [12]; as well as of facies 
changes. The latter is determined by the fact 
that the slow course of sedimentation and a long 
diagenesis create conditions under which the 
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sediments have time to be more or less 
thoroughly reworked and to acquire mineral 
features reflecting the physicochemical condi- 
tions of their environment [6]. 


At initial stages of epigenesis, rocks under 
a small load maintain their porosity and water- 
retaining capacity to a considerable extent. 
Here, the nature of alteration processes is de- 
termined by the type and composition of ground 
water. Quite often, these processes are but a 
continuation of diagenesis. 
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FIGURE 2. 
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Mineral zonation in Mesozoic and Tertiary deposits 


In geosynclinal provinces, the mineralogic _ 
and petrographic composition of rocks in a sec 
tion is much more consistent. This is because} 
on the one hand, the rapid erosion of source | 
rocks supplies the basin with fresh, only sligh: 
weathered clastic material; on the other hand, 
with the rapid sedimentation and the correspo 
ingly short period of diagenesis, the clastic 
material does not have time for an extensive 
alteration reflecting the physicochemical condi- 
tions of its environment. This is why the com>) 
position of clay mineral rocks in upper interval: 


| 
me 


of the Vilyuy trough and western upper Yana region. 


Solid line - mineral present in over 50% of samples analyzed; 
dashed line - mineral present in less than 50% samples. After 
Pettijohn, 1957. 


Thus, terrigenous sequences in platform pro- 


of this zone differs little, as a rule, from that} 


vinces are characterized by a rapid alternation 
of rocks with definite individual parageneses of 
authigenic minerals formed during diagenesis 
and incipient epigenesis. This diversity of 
mineral parageneses is particularly well ex- 
pressed in the composition of clay minerals in 
shale, and in the cement of sandstone. Mono- 


mineral bodies are not uncommon in sandstone. 


of the incoming original argillaceous material. 
What alterations there are take place during 
epigenesis and are best reflected in the lower 
intervals. 


As a result, a geosynclinal section lacks th 
diversity in the alternation of mineralogic and 
petrographic rock complexes, of a platform 


H 
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tion. Nor does it contain any monomineral 
y formations. 


This difference in diagenesis and epigenesis, 
latforms and geosynclines, may determine 
difference in parageneses of authigenic and 
y minerals, for terrigenous deposits in 

acent platform and geosynclinal provinces, 
med under similar facies conditions and 

m a similar source material. Mesozoic de- 
its developed in the Vilyuy trough and the 
acent Verkhoyansk trough [7] are an example 
such a relationship. 


What is the thickness of the zone of unaltered 
y cement, where the rocks preserve in full 
ir original sedimentary aspect? This thick- 
'S is not consistent and depends on a number 
‘actors: tectonics, clastic material, the 
nposition of ground water, etc. Of para- 
unt importance, all other conditions being 
al, is the age of deposits, or the duration of 
effect of the overload. In young Neogene 
‘osits of the Apsheron Peninsula, the lower 
ndary of this zone is below 5000 m, as de- 
mined by drilling. In Mesozoic sections, as 
died in tests in East and West Siberia and 
Russian platform, the lower boundary is 

‘ly consistent, at about 2500 m. Paleozoic 
Osits on the Russian platform are marked by 
irther thinning of this zone, down to 1300 to 
0 m; finally, in Riphean deposits it has been 
2rmined as less than 1 km. Thus, there ap- 
Ts to be a sort of migration for the zone of 
y cement proper, depending on the age of 
losits (Figure 3). 


mn concluding the description of the initial 
yenetic stage, we shall try to discribe its 
cific features. The course of the initial epi- 
etic processes is determined to a consider- 
2 extent by the fact that the rocks still main- 
| their high porosity and permeability, thus 
ring a free migration of solutions and 

ve exchange with surface waters. Because 
hat, the processes of incipient epigenesis 
largely a sort of continuation of diagenetic 
cesses, commonly "imitating" them. 


[he initial epigenesis, where the rocks still 
serve all their sedimentary features, is 
owed by a stage of deep-seated epigenesis 

1 its essentially different processes of 
ration of sedimentary material, leading to 
emergence and development of new struc- 
ul features and mineral parageneses which 
terate the primary sedimentary aspect of 
tigenous rocks and make them more like the 
morphic. 


e essential difference between the initial 
‘deep-seated epigeneses is that at a late 
te, the rocks lose their primary porosity 
considerable extent; because of the mass 
aa and the closer contact of clastic 
ins, the overload stress distribution is 
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radically changed. This stress is now trans- 
mitted by means of a peculiar framework of 
contacting grains; the stress distribution at the 
contact points is quite diversified because of 
differences in the contact areas [1]. Processes 
of pressure solution are operative in segments 
of considerable stress, resulting in a sub- 
stantially higher mineralization of pore-filling 
solutions, and supersaturation with rock-form- 
ing elements Si, Al, Na, K, etc., in segments 
of lower stresses. It should be emphasized that 
the composition and the ratio of elements going 
into solution and participating in authigenic min- 
eralization are here somewhat other than in 

the unaltered clay cement zone. By that time, 
the unstable minerals are usually gone; the 
most stable terrigenous rock components now 
go into solution although they were left intact in 
the preceding period: quartz, acid plagioclases, 
and potassic feldspars; it is these minerals that 
determine the predominance of silica, alumina, 
and other dissolved elements. 

In connection with the mass pressure solu- 
tion of clastic grains, microelements pass into 
solution along with such principal rock-forming 
elements as Si, Al, Na and K. These micro- 
elements are present in crystalline lattices as 
microinclusions and isomorphic additions, such 
as Pb in a solution of potassic feldspars; Pb and 
Zn in the alteration and replacement of biotite; 
and Ba in the replacement of feldspars. 


Under favorable conditions, these elements 
may migrate over considerable distances and 
accumulate in Certain spots to give rise to ore 
concentrations [ 2]. 


Along with the mass solution of the principal 
clastic components of sandstone, the grains of 
quartz and feldspars are regenerated and en- 
larged, thus reducing the porosity and perme- 
ability and concommitantly the migration of 
aqueous solutions (the zone of arrested water ex- 
change and stagnant waters). 


The rising mineralization of ground water and 
saturation with various elements brings about a 
development of complex exchange reactions and 
extensive metasomatic replacement. Parti- 
cularly affected are minerals with layered 
lattices, and above all the clay minerals. Po- 
tassium, silicon, and aluminum, emerging in 
interstitial solutions, affect the crystalline 
lattices of kaolinite, montmorillonite, and 
trioctahedral hydromicas, to bring forth di- 
octahedral hyromicas and minerals of the 
muscovite and dickite groups, more stable 
under the new higher-pressure conditions. The 
primary mineral composition of rocks deter - 
mines the composition of newly-emerging min- 
erals and puts a definite stamp on newly-formed 
structures [1]. 


Quartz sandstones, approaching monomineral, 
and quite common in platform provinces, have a 
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comparatively restricted assemblage of authi- 
genic formations. The principal authigenic 
mineral is quartz in regenerated shells about 
clastic grains. 


Authigenic minerals, formed at earlier 
stages of diagenesis and initial epigenesis, now 
undergo more thorough transformations. Kao- 
linite, commonly paragenetically related to 
monomineral quartz sandstones, is altered 
either to dickite or to a pyrophyllitic mineral, 
depending on conditions. 


6 3 > &, ° 
= 2 el Bhs A 
Ce = ae 
ajo 
Tp 
ry | 
1000 
“|| Cr | Ch 
jute TH od 
af cn 
Jj on 
2500 a= rem smes 
ARC=—An 
A | ‘ J 5 Jt] 
J000 Pz 
5500 
4000 
4500 
FIGURE 3. 


Dickite is formed when the primary kaolinite 
cement occurs in interstices among the already 
formed regeneration shells which serve as 
bumpers against the effect of overload. Higher 
temperatures and time appear to be factors pro- 
moting the recrystallization and the structural 
organization of the primary kaolinite lattice. 


The pyrophyllitic mineral is formed in part- 
ings enriched by clay, which appears to be 
hemmed in by partings of the mosaic structure 
sandstone. In these partings, at high pressures, 
clastic quartz grains are vigorously dissolved, 
with SiO2 so obtained being used in the building 
of an additional tetrahedral silicon-oxygen layer 
over the two-layer kaolinite. The new three- 
layer mineral is an ideal model of a layered 
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Thickness of the unaltered argillaceous cement zone 
(initial epigenesis) as a function of the geologic 
age of deposits. 
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dioctahedral lattice with two silicon-oxygen 
layers and an octahedral aluminum layer be- 
tween them. 


The comparatively simple conformably re- 
generated mosaic structures, usually with a 
partial preservation of pores, are typical of 
quartz sandstones. 


Arkosic sandstones are developed in both 
platform and geosynclinal provinces. Potassic 
and soda feldspars, most commonly in 
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regenerated shells about the clastic grains, are 
present among newly-formed minerals, in addi- 
tion to the predominant quartz. Assorted tita- 
nium minerals (octahedrite, brookite, and 
sphene) and a few typical accessories; i.e. , 
tourmaline, epidote, apatite, and occasionally 
zircon, are also present. 


Minerals with layered lattices, particularly 
the clay minerals, are subject to thorough trans 
formations. Kaolinite and montmorillonite 
change to dioctahedral hydromicas approaching 
sericite. Potassium for the hydromica lattice 
comes from feldspars dissolved under pressure 
(microcline and orthoclase as well as potassic 
and soda-feldspars) but maintaining their 
stability in the upper zone. It is to be noted 
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; 
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at these feldspars release potassium even at 
mparatively slight deformations of their 
ttice [5]. 

st 

_Trioctahedral micas (biotite type) are ex- 
*mely unstable in this zone. The hydration 

d discoloration of biotite, initiated at the pre- 
ding stage, continues in this zone. It culmi- 
tes in a muscovitization of biotite, with the 
pn so liberated fixed in hydroxides or in 
cruginous carbonates; or the biotite is de- 
mposed to chlorite of the aphrosiderite or 
pidolite types and a muscovite hydromica. 

iS muscovitization of biotite appears to be 
complished by the entry into the mineral 
tice of excess aluminum from the solution of 
2 same feldspars; this aluminum replaces the 
»n and magnesium in octahedral layers. 


| Diagenetic glauconite common in both arkosic 
jd quartz platform rocks is subject to similar 
‘erations. Just as kaolinite is altered depend- 
§ on the effect of the pressure, so there seem 
be two trends in the alteration of glauconite. 
‘lorite, of the negative penninite type, is de- 
loped in closed porous segments, "shielded" 
om the excessive pressure effect. In those 
zments where glauconite shares the stress on 
+ surrounding clastic grains, it changes to 
‘ruginous muscovite. 


‘The greater diversity of the components in 
<osic sandstones is reflected in the greater 
‘ersity and complexity of their epigenetic 
‘uctures, as compared with quartz sandstone. 
ong with conformably regenerated structures, 
‘tform sections are marked by assorted stylo- 
‘¢ structures, while the geosynclinal sections 
> marked by incipient blastic structures. 


{Assorted polymictic sandstones, including 
vywackes, are known to be associated, as a 
/e, with geosynclinal provinces and are less 
immon in platform sections. The diversity of 
ir clastic material is reflected in their authi- 
vic formations and in certain peculiarities of 
jucture. As always, the composition of 
vly-formed components is closely related to 
nature of the clastic material. Assorted 
orites, ferruginous carbonates, minerals of 

| epidote group, and titanium minerals, with 
¢x-present newly-formed quartz and albite 

': widely developed in sandstones rich in frag- 
ints of basic and acid extrusives. A typical 
iture of these rocks is their appreciable iron 
itent. The iron originates in the intensive 

4. selective solution of the vitreous bulk of 
irusive fragments, wherein silicon, aluminum, 
alkalies are leached and used up in authi- 
lic formations, while the iron is fixed in 
roxides and ferruginous carbonates [3]. 


1A somewhat different paragenesis of authi- 
}ic minerals is present in sandstones with 
);dominantly acid extrusive fragments. Here, 
rtz is common, in regenerated fringes and 
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in the hornfelsic cement. Chalcedony is also 
common, as well as albite in regenerated shells 
several times larger than the volume of clastic 
grains they enclose. The idiomorphic aspect of 
these regenerated grains, appreciably larger 
than the average clastic grains, lends a pseudo- 
Pporphyritic aspect to the rock. 


It should be emphasized that structures of 
polymictic sandstones are usually appreciably 
different from those of arkosic and quartz sand- 
stones. As a result of the differential capacity 
of their components for pressure solution, 
peculiar incorporation structures arise, where- 
in the more stable clastic components (quartz, 
feldspars) are intruded into the less stable frag- 
ments of assorted rocks, including extrusives. 
A solution resistance order has been established 
as follows: quartz and feldspars — fragments of 
siliceous rocks — assorted metamorphic schists 
— extrusives. The last two components, being 
the most soluble, commonly constitute cement 
for the others. Apart from solution, differential 
plasticity of the components is another factor 
affecting the cementation. It often happens that 
cementation is caused by a mutual adjustment of 
clastic grains in a rock, rather than by the ce- 
menting substance itself which is generally quite 
scarce, if present at all [3]. 


In deep-seated epigenesis, argillaceous rocks 
turn to metashales (argillites). The loss of 
their capacity for swelling is associated with a 
reconstruction of the lattices of clay formations 
to a more stable structure of layered minerals 
which have lost their water-adsorbing capacity. 
The clay minerals proper; i.e., kaolinite, 
halloysite, and montmorillonite, are missing in 
this zone, having been replaced by dioctahedral 
hydromicas and chlorite; the first have been ob- 
served only in the upper half of the zone, and no 
longer as rock-forming components but rather 
as relicts in mixed-layered formations, along 
with similar muscovite-like minerals and 
chlorites. 


There is one curious detail. The mixed- 
layered formations, so typical of clay in the 
diagenetic and initial epigenetic zones, are al- 
most nonexistent in rocks of the lower half of 
the zone. This is explained by a gradual pro- 
gressive crystallization and by the growing to- 
gether of individual grains. As the components 
grow larger, their X-ray analysis shows re- 
flections from the basal planes, with inter- 
mediate values for their components; in micro- 
scopic analysis, on the other hand, the increase 
in size reveals an intergrowth of chlorite and 
mica, undoubtedly developed out of the original 
mixed-layer formations. 


Like the initial, the deep-seated epigenesis 
has features peculiar to conditions of platform 
and geosynclinal provinces. They are revealed 
in parageneses of authigenic formations as well 
as in the types of structure formed. 
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The specific features of parageneses for de- 
posits in platform and geosynclinal provinces 
are determined by the inheritance of specific 
features of rocks developed at earlier stages, 
as pointed out before, as well as by differences 
in the conditions and factors of deep-seated 
epigenesis, in different structural provinces. 
On platforms, it is the long and cumulative 
effects of overload and a certain rise in tem- 
perature; in geosynclines it is the stress. 


As mentioned before, platform sections are 
marked by the original diversity in the alterna- 
tion of various rock types and by the occasional 
presence in them of monomineral clay forma- 
tions. Hydromicatization is the principal 
alteration process for clay, in platform rocks, 
with dissolving feldspars the principal source 
of potassium, as pointed out before. Less com- 
mon is the alternation of primary kaolinite to 
dickite and occasionally to pyrophyllitic min- 
erals. Present in sandstones, along with albite, 
are such peculiarly platform authigenic forma- 
tions as potassic feldspars, never present in 
geosynclinal rocks where only newly-formed 
albite has been observed. 


The composition of newly-formed feldspars 
in rocks of different structural provinces is 
related to the lack of stability even in clastic 
grains of potassic feldspar, under intensive 
stress; this lack of stability precludes an authi- 
genic alteration of that mineral in geosynclinal 
stages of deep-seated epigenesis. It also 
should be noted that the formation of typically 
stress-induced dioctahedral hydromicas and 
sericite, much more vigorous in geosynclinal 
rocks, leaves no excess potassium for the for- 
mation of authigenic orthoclase and microcline. 


Another distinctive feature of geosynclinal 
rocks is the wide development of either aphro- 
sideritic or repidolitic chlorite, in clay rocks 
as well as in sandstone cement, along with 
muscovite-like minerals. The presence of 
repidolite is explained, on the one hand, by the 
difference in petrographic types of geosynclinal 
rocks; viz., the better development of poly- 
mictic sandstones and graywackes rich in ex- 
trusive and femic mineral fragments which pro~ 
vide material for chlorite; on the other hand, by 
the rapidity of subsidence, preserving the un- 
stable components at early diagenetic and epi- 
genetic stages. 


As noted before, the result may be that the 
same original material, buried in different 
structural provinces, will produce quite differ - 
ent parageneses of authigenic minerals. 


Just as definite are details of the structural 
development of rocks. Mosaic structures 
emerging in the course of conformably re- 
generative alteration in clastic rocks are pre- 
sent in arenaceous rocks of platform provinces. 
Microstylolitization is an important structural 
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factor in lower intervals of the deep-seated epi + 
genetic zone. Related to it is pressure solution, 
of contact faces of all rock-forming components 
which leads to the formation of pseudo-segrega 
tion segments as if imitating the typical schis- 
tose banding of true metamorphic rocks. The 

origin of such structures is related to the pro- 
longed and continual effect of a confined pres- 

sure, the weight of the overload [1]. 


Added to conformably regenerative processes 
typical of upper intervals of this zone in geo- 
synclinal provinces is a true blastic growth of 
clastic grains, which leads to the development 
of intricate webfoot and serrate bonds between 
the newly-formed grain shells, and to com- 
pound blasto-mosaic, merging structures. No 
microstylolites have been observed in sand- 
stones. 


It should be emphasized that the main factor - 
determining the course of structural-mineral 
transformations, in deep-seated epigenesis, is 
pressure, with temperature a poor second. 


In the progressive folding and subsidence of ~ 
geosynclinal rocks, increasingly intensive 
alteration leads to a total loss of sedimentary 
features, strictly speaking, and to a complete 
recrystallization of the original clastic compo- 
nents, with a mass development of blastic struc 
tures and the appearance of typical segregation 
banded textures. This zone, studied in the 
Verkhoyansk geosynclinal section, has been 
designated the zone of metagenesis, corresponce 
ing to the transition stage from sedimentary to 
metamorphic rocks [4, 5]. 


Mineral associations of rocks from this zone 
have been “inherited from long and deliberate - 
alteration processes of sedimentary rocks, in- 
duced by the continually increasing vertical 
load, temperature, and stress. The typical 
association of newly formed minerals — di- 
octahedral (muscovite) mica, chlorite, and 
quartz — whose development is traceable from 
the uppermost zones of a geosynclinal section 
and the deepest platform horizons, obtains here 
its final mineralogic and structural expression. 


The mineral composition and structural and | 
textural features of rocks from this zone, 
especially from its lower intervals, are quite 
similar to those in the so-called green schist 
facies which is part of the upper zone of region: 
metamorphism [10, 11, 16]. The gradual 
transition from epigenetic to green-schist rock 
associates the green schist facies with the meté 
genesis stage rather than with regional meta- 
morphism. 


The consistent composition of minerals with 
layer lattices, chlorite and muscovite in the 
green schist facies becomes understandable as 
we study the changes in the course of epigenesi 
for various clay minerals. Muscovite was 
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B - Hydromicatization of kaolinite 
C - Hydromicatization of montmorillonite 
D - Dioctahedral mica preserved 


i) micas, "reduction" of muscovite aco, 
) and a gradual hydromicatization of akolinite and 
Chlorite was formed out of 
| the same biotite micas and during the decompo- 
} sition of a number of femic minerals (amphi - 


Such is the alteration of the most common 

) clay minerals, in deep-seated epigenesis and 
All newly-formed minerals 
originated in the gradual decomposition of other 
6 components; there are virtually no new forma- 
tions originating in the interaction of minerals. 
This qualitatively new association emerges only 
in the biotite zone of regional metamorphism, 
as the result of a mass appearance of biotite 
produced by a reaction between muscovite and 
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The emergence of this new association is 
related to a new factor in rock alteration, the 
considerable rise in temperature, which also 
determines all further changes in metamorphic 
rocks, as they pass through the stages of early 
and late metamorphism, with the consecutive 
emergence of the garnet, staurolite, and other 
zones of regional metamorphism. It is this 
zone that marks the beginning of truly metamor- 
phic rocks. 


Thus, a study of post-deposition alteration in 
sedimentary rocks shows that this is a com- 
pound process, proceeding by stages and leading 
finally to a gradual change of sedimentary for- 
mations to metamorphic formations. The stage 
nature of this process finds its reflection in the 
zonation of both geosynclinal and platform sec- 
tions. The zones so differentiated correspond 
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to individual stages and their smaller sub- 
divisions. Each stage and substage has its own 
typical features of structural mineral transfor- 
mations for sedimentary rocks (Figure 4). This 
makes it possible to designate the leading factors 
for each stage and substage and to gain better 
understanding of all details. For instance, the 
difference between the redistribution of mate- 
rial in the initial epigenesis and at later stages, 
in deep-seated epigenesis and metagenesis, be- 
comes quite obvious. At an early stage, it is 
an intralayer solution of femic and of merely a 
few rock-forming minerals (plagioclases above 
No. 20), in reaction with pore solutions. At 
later stages, it is mass solution under pressure 
and recrystallization of the principal rock- 
forming minerals which constitute the frame- 
work of rocks. 


In accordance with different causes of the 
redistribution of material, different associations 
of elements become involved in it, with migra- 
tion paths and concentration regularities of 
their own. An understanding of these processes 
renders possible, even now, a new approach to 
the problems of origin and distribution of ore 
deposits for certain elements, such as Pb, Zn. 
Cu, etc., in sedimentary rocks. 


It has been established that these zones of 
epigenesis and metagenesis are quite suitable 
for mapping, in both platform and geosynclinal 
provinces. The mapping of epigenetic zones 
may be used in solving some of the current 
problems of petroleum geology, such as fore- 
casting the reservoir properties of rocks in 
basins under study. 
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COAL MEASURES FACIES IN THE BURYATIAN A.S.S.R: 


by 


L. P. Nefed'yeva 


‘ Coal measures of the Buryatian A.S.S.R. are 
associated with narrow and fairly long troughs 
trending mostly northeast, in the east and south- 
east, and almost latitudinally in the south and 
east. Geomorphically, these troughs are rep- 
resented by river and lake valleys. The troughs 
themselves, as well as their sediments, are 
mostly Mesozoic, with some of them Cenozoic. 


The principal Mesozoic troughs (Figure 1) 
carrying commercial coal deposits are the 
Gusinoozersk-Uda (including the Gusinoye Ozero 
coal deposit) and the Tugnuy. The latter con- 
tains the Olon-Shibirsk, Nikol'skoye, Erdem, 
and Kizhinga deposits. Located in the extreme 
western part of the republic are the Dzhida 
group of deposits: Bayangol, Salgino, and 
Kharakhuzhar. 


Another type of coal measure is present in 
Cenozoic troughs, such as the Irkut River val- 
ley with the Zagotuy brown-coal deposit, and 
the south shore of Lake Baykal with its Pere- 
yemnaya, Tankhoy, Polovinkinskoye, and other 
brown-coal deposits, along a narrow band of 
continental Tertiary deposits. 


All coal measures of the Transbaykal region, 
including the Buryatian A.S.S.R., were formed 
under continental conditions. Lithologically, 
this section is represented by conglomerates, 
shales, carbonaceous rocks, and coal beds. 
Systematic stratigraphic works by G.G. Martin- 
son (1954, 1955) and Ch. M. Kolesnikov (1956- 
1958) allowed those authors to propose the 
following stratigraphic column for the Trans- 
baykalian continental Mesozoic: 


Geologic age Formations 
Cm Dain 
ere Turgino-Vitim 
J3 = cr, Ulan-ganga 
Jo Bukachach 


Patsial ‘nyye tipy uglenakopleniya na territorii 
Buryatskoy A.S.S.R. pp. 32-44, 
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The coal is associated with the three lower 
formations. This column was used by the author 
in his coal petrography studies in many deposits; 
also used were Ye. P. Butova's data from her 
studies of the facies of coal measures. On the 
basis of these studies, and particularly those 
dealing with sedimentary facies, the following 
three types of coal accumulation have been 
identified in the Buryatian A.S.S.R.: 


Type One has been described from the Tugnuy 
trough which is a compound syncline with the 
steep south limb and gentle north limb. The 
south limb is cut by a large normal fault. Stand- 
ing out against the general easterly pitch of the 
trough, there are a number of synclinal struc- 
tures of second order, separated by anticlinal 
flexures. 


The coal measures were deposited here under 
typically continental conditions of an intermon- 
tane trough. According to Ye. P. Butova, river- 
channel, floodplain, delta, alluvial-cone, and 
lacustrine facies, are common among coal 
measures. As a result of detailed study, it has 
been determined that the accumulation of coal 
in the Tugnuy Valley was accompanied by a great 
influx of terrigenous fragments into the peat bog. 
The bulk of coal here is associated with the low- 
er stratigraphic horizon, named the Bukachah 
formation, by G.G. Martinson and Ch. M. Koles- 
nikov. 


The maximum thickness of this formation was 
penetrated by drilling in the central part of the 
trough, south of the Erdem Sovkhoz. To the 
east, the formation thins down, to wedge out 
completely at an anticlinal crest in the Kharauz 
village area, and to reappear in the Olon- 
Shibirsk syncline. In the central and eastern 
parts of the trough, the Bukachach formation is 
overlain unconformably by alluvial-deluvial de- 
posits. In the west, it is conformably overlain 
by Ulanganga deposits, barren of coal. 


A considerable number of coal beds, variable 
in thickness and structure, have been identified 
within the Tugnuy trough. The Tugnuy seam, 
varying from nonworkable to 7.1 m thick, oc- 
curs in the central part (Erdem and Nikol'skoye 
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FIGURE 1. 


Coal accumulation types: 


Distribution of coal facies in troughs of the Buryatian A.S.S.R. 


1 - Type One, with the flowing-marsh facies pre- 


dominant; 2 - Type Two, with the moderately wet-marsh facies predominant; 
3 - Type Three, with the very wet marsh facies predominant 


Numerals on map: 


1 - Zagotuy deposit; 2 - Pereyemnaya; 3 - Bayangol; 4 - 


Sangino; 5 - Kharakhuzhar; 6 - Gusinoye Ozero; 7 - Tugnuy; 8 - Nikol'skoye; 


9 - Kharauz; 10 - Kizhinga; 
eposits). Occurring stratigraphically higher 

a these two deposits, are several seams 
Sputnik, Nevyderzhannyy, Malyutka), even less 
‘onsistent than the Tugnuy and quite complex in 
tructure. 


| In the east of the trough (Olon-Shibirsk de- 
osit, formerly known as the Kharauz) the sec- 
ion carries up to ten workable coal beds, quite 
‘omplex and inconsistent in structure, even 
ver short distances (maximum of 200 m). 
“hese seams commonly split up and wedge out. 
‘he thickest seams are located in the northern 
art of the Olon-Shibirsk deposit. 


As shown in Figure 2, the trends of coal 
‘cams are quite diversified; locally they are up 
0 40 m thick, with the thick lenses seen to split 
ip and wedge out. The structure of coal beds in 
he Tugnuy trough is almost always complex, 
vith numerous seams separated mostly by 
Oarse-grained rocks: sandstone, siltstone, and 
;casionally by shale with small additions of 
lant remains. The sharp contacts between the 
oal and coarse-grained intercalations indicate 
rapid change of facies during coal deposition. 
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11 - Doban-Gorkhan; 


12 - Polovinkinskoye. 


The Tugnuy trough houses two large lenti- 
cular coal sites: one in the central southern part 
(Erdem and Nikol'skoye deposits), the other in 
the northeast.(Olon-Shibirsk). This distribution 
of coal is possibly associated with alluvial fans 
of intermittent streams and with peat bogs near 
to and within wide floodplains. 


The lenticular shape of these coal deposits, 
with the complex structure of their commonly 
split-up seams coupled with the presence of 
coarse, clastic material at their top, base, and 
in the intercalations, as well as the peculiar 


- aspect of their component facies, all renders 


the Tugnuy trough illustrative of type-one coal 
accumulation. 


The study of coal facies afforded means of 
identifying the several types of coal-making. 
Our differentiation of coal facies is based on the 
degree of inundation and circulation in the origi- 
nal peat bogs, the presence of mineral impuri- 
ties in coals; their stratification, texture and 
luster; also the microtexture and the qualitative 
relation between gel and fusain in coal (Table 
1).. A general knowledge of the sedimentary 
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environment is also quite important for an inter- 
pretation of coal facies. Accordingly, the 
following environments have been recognized 

for the accumulation of peat in the Tugnuy 
trough: 1) freely flowing marshes; 2 - sluggish 
flowing marshes; and 3) slightly wet marshes. 
Given below is a brief description of each. 


The freely flowing marsh facies is the most 
typical of Type One coal accumulation in the 
Tugnuy trough. Mainly the dull, semidull, less 
commonly semilustrous coals are formed under 
such conditions. Their granular texture is 
determined by the small terrigenous mineral 
fragments evenly dispersed in gel of the ground- 
mass, as seen in thin sections. These frag- 
ments are mostly quartz and feldspars. 


FIGURE 2-a, 


The horizontal stratification of these coals 
is determined by the few millimeter -thick 
argillaceous partings. The semidull, hori- 
zontally-stratified coal of this facies, durain- 
clarain in microtexture, consists of a gel 
groundmass with a scattering of extremely fine 
terrigenous fragments, microspores, and bark 
tissue. 


The amount of mineral impurities and cutin- 
ized elements is greater in dull durain coals 
than in the semidull. The same is true for the 
semilustrous, clarain type. 


Features common to all coal types of this 
facies are their horizontal stratification usually 
marked by argillaceous parting and less com- 
monly by an alternation of layers with different 


26 


Coal bed outcrops in the Olon-Shibirsk deposit, 


contents of microcomponents; a strongly decom- 
posed and homeogenously gelled groundmass; 
and a very low content of fusainized plant re- 
mains. The strong decomposition of the 
fusainized plant tissue appears to be associated 
with the abundance of water in the peat bogs as 
well as with the considerable amount of mineral 
impurities which might have acted as catalysts 
in the formation of gels. The great importance 
of mineral impurities in present-day and fossil 
peat bogs has been stressed in recent publica- 
tions. 


Thus, K.K. Lebedev [6] states on the basis 
of extensive chemical studies, "Changes in the 
composition of humic acid, in individual layers, , 
are in their turn directly affected by the mineral 


components of peat.'' I. A. Amosov [ 2] has 
come to the conclusion that "mineral matter and 
solutions, upon their arrival at a peat bog, de- 
termine the formational environment for dif- 
ferent petrographic types. " 


Works of L. M. Sapozhnikov and I. N. Niko- 
layev [10] contain interesting experimental data 
concerning the effect of mineral impurities on tH 
properties of coals. It has been demonstrated 
that "the intensity of the effect of different min- 
eral impurities is quite different, but the natur 
of this effect is the same." The authors con- 
clude that "mineral impurities have a catalytic 
effect on those groups of reactions which are co 
mon to pyrolysis of various coal types, "' and th 
certain mineral impurities quite vigorously ac- | 
celerate the decomposition of plant remains. 


_ The very wet, flowing marshes were widely 
veloped in the Tugnuy Valley; the flow was 
sore permanent and less obstructed in the 
prth (Olon-Shibirsk) where semidull to dull, 
>rizontally stratified coals are present. 


_ The facies of sluggish marshes is represented 
7 semilustrous to semidull, finely banded, non- 
ratified coals. Microscopically, these are 
‘arains and durain-clarains, with a transparent 
lled groundmass and numerous inclusions of 
rk tissue and microspores. 


Because of the less abundant and stagnant 
fater in the original peat bogs, the content of 
Sainized tissues in these coals is higher than 
». coals from freely flowing bogs. This facies 
) transitional from the freely flowing bogs to 
jightly wet bogs with their coal high in fusain. 


| The intensity of flow is reflected in the 
mount of terrigenous mineral impurities in the 
al body. Argillaceous partings are missing, 
fre, indicating the absence of a large influx of 
sineral material during the peat accumulation. 
Joals formed in such sluggish bogs are develop- 
41 in the central part of the Tugnuy trough. 


_ The facies of slightly wet bogs is. represented 
7 semidull, dull, and rare semilustrous coals. 
hey are thin-banded, with a horizontal strati- 
cation determined by fusain intercalations 
easured in centimeters. The semidull, thin- 
mded, horizontally stratified coal corre- 
donds microscopically to clarain-durain with 
transparent groundmass carrying numerous 
mses of fusain and xylan, distributed parallel 
1 bedding. The formation of fusain and xylan 
as promoted by the aerobic conditions pre- 
niling because of periodic draining of the peat 


dg. 


| Microscopically, the dull, thin-banded, hori- 
ontally stratified coal is a xylan-fusain durain, 
ith a small amount of mineral impurities in 
lular openings of fusainized plant tissue. 

lhe dull variety is less common than the semi- 
ill, both occurring in the eastern part of the 
ugnuy trough (Olon-Shibirsk). 


Altogether seven genetic coal types have been 
.entified in the Tugnuy trough, the most com- 
jon being semidull and semilustrous coals of 
teely flowing marshes. These coals occur in 
)}e central and eastern parts of the Tugnuy 
jalley. 


} A considerable amount of terrigenous min- 
l-als was brought to peat bogs of the Tugnuy 
lalley; their presence, coupled with the abun- 
ance of water, promoted the formation of these 
eculiar granulated coals with strongly decom - 
dsed plant material. These two main factors, 
ie mineral impurities and the abundance of 
ater, have determined the specific coal facies, 
ith their fairly uniform botanical composition. 
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Cross-section along line IV - IV. 


FIGURE 2-b. 


1 - Alluvial; 2.- coal beds; 3 - conglomerate; 4 - sandstone; numerals are borehole Nos. 
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Type Two coal accumulation is common in the 
| Gusinoye Ozero coal area, one of the largest of 
) the troughs (see Figure 1). The coal measures 
» here are over 2000 m thick, represented by 
| typically continental deposits: sandstone, silt- 
| stone, and shale, of the river channel, lacus- 
} trine, and marsh facies. 


# A detailed stratigraphic subdivision of the 

; Gusinoye Ozero section was done by Ch. M. 

» Kolesnikov [4] who designated the Bukachach 
(J2), Ulanganga J3 + Cr (v), and Turgino-Vitim 
} Cry (v-ap) formations. The maximum coal de- 
) velopment in the Gusinoye Ozero trough is 
associated with the Ulanganga and Turgino- 
Vitim formations. Over 60 workable seams are 
known here, all more consistent in thickness 

| and continuity than those in the Tugnuy trough. 
Their enclosing rocks are mainly siltstone and 
shale, in contrast to sandstone in the Tugnuy 

) trough. These finer-grained rocks are of a 
lacustrine type. 


; Common among the Gusinoye Ozero trough 
} deposits are sandstones of alluvial facies. 
' Regularities in the distribution of facies, here, 
» are described by Ts. O. Ochirov [9], from his 
| special lithologic studies. According to him, 

_ alternating siltstone, shale, and coal predom- 
# inate in the lower coal measures of the Gusinoye 
| Ozero trough, with subordinate thin sandstone 
) beds locally carrying pebbles. The importance 
| of sand increases going up the section, with an 
? “accompanying appearance of fine pebble con- 
| glomerates and an increasing thickness of in- 
» tercoal intervals. '' Associated with this 
+} sequence are coal seams up to 10 m thick 

' (northern section). Peat bogs on the Gusinoye 
{ Ozero trough did not provide as steady a foot- 
) hold as those in the Tugnuy trough. 


| The following facies have been identified in 

) the Gusinoye Ozero coal area: 1) stagnant bogs; 
| 2) bogs with an average degree of inundation; 

| 3) slightly wet bogs; 4 - freely flowing bogs 

) (quite restricted in area). Given below is a 

i brief description. 


The stagnant bog facies is represented by 
lustrous, semilustrous, and semidull, striated, 
| and lenticularly banded horizontally stratified 

coals. The lustrous varieties carry much 
) vitrainized xylem and a transparent groundmass 
) with occasional yellow microspores. Also pre- 
/ sent are structural vitrains with cellular open- 
) ings filled up with humus. 


In their microtexture, the semilustrous 
horizontally stratified coals correspond to 
. clarains consisting of numerous lumpy lenses 
| fringed with cuticle. 


The semidull, striated, and lenticularly- 

| banded horizontally striated coals are repre- 
sented by alternating clarain and durain layers, 
several centimeters thick. 
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Typical diagnostic features of stagnant bog 
coal facies, of all degrees of luster, is the con- 
siderable degree of decomposition in their plant 
material, although smaller than in the Tugnuy 
coals; also the absence of fusainized plant re- 
mains, and the very small amount of cutinized 
bodies. Such a combination of microelements 
can be explained by the stagnant conditions 
which prevented the removal of organic matter, 
in the colloidal state, as well as any large influx 
of spore and mineral impurities. 


The facies of stagnant bogs with an average 
degree of inundation is represented by semi- 
lustrous to semidull, horizontally -stratified 
coals. This stratification is caused by milli- 
meter -thick partings of fusain. 


The semilustrous, striated, horizontally- 
stratified clarain coal contains a considerable 
amount of bark tissue, lenses of xylan and 
fusain, and a few microspores. The volume of 
xylan and fusain lenses increases in semidull 
striated coals. Vitrainized plant fragments in 
coal preserve their outlines. The semidull 
striated coal differs from the semilustrous, 
striated type, by the presence of intercalations 
enriched in lenses of xylan and fusain. 


All types of coal of this facies are character- 
ized by the presence of plant remains preserving 
their morphologic outlines. Mineral impurities 
here are few. Proceeding along with anaerobic 
decomposition in bogs with average inundation 
was aerobic oxidation of plant remains, which 
accounts for the higher content of xylan-fusain 
in these coals. 


These coal facies are most common in the 
eastern and northeastern parts of the Gusinoye 
Ozero area. Fairly common here also is the 
slightly inundated bog facies represented by 
dull, semidull, rarely semilustrous, striated 
fusain coals. 


A more detailed description of the latter 
facies is given under Type One. In the Gusinoye 
Ozero area, the content of fusain and xylan in 
cellular openings is lower than in the Tugnuy 
coals. The freely flowing bog facies is repre- 
sented here by dull to semidull coals, very 
rarely by semilustrous, striated, horizontally 
to lenticularly stratified, carrying pelitic mate- 
rial and a small addition of angular quartz frag- 
ments. A detailed description of the freely 
flowing bog facies has been given above. 


This facies is poorly represented in the 
Gusinoye Ozero area. The enclosing rocks are 
mainly siltstone, shale, and carbonaceous 
shale. 


The general aspect of the Gusinoye Ozero 
coal measures, as well as the texture, lithology, 
and facies of its coals, makes this a type lo- 
cality for type two coal accumulation. 
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Located in the northeastern part of the 
Gusinoye Ozero trough is the Daban-Gorkhon 
deposit (Figure 1) which also can be assigned 
to Type Two. One of its coal seams, drilled 
through in borehole No. 1, is over 80 m thick. 
It is made up largely of semilustrous to semi- 
dull coals, striated and horizontally stratified, 
with numerous small inclusions of vitrainized 
xylem. The main component of these coals is 
bark tissue, with cutinized elements a poor 
second. These coals were formed chiefly in 
bogs with an average abundance of water, where 
the gel-forming processes were accompanied 
by fusainization; the poor circulation interfered 
with the influx of mineral impurities. The en- 
closing rocks are represented by siltstone and 
shale. The facies of Daban-Gorkhon coal mea- 
sures are similar to those of the Gusinoye 
Ozero, with an obvious prevalence of river and 
lacustrine facies. 


A distinctive environment for coal deposition 
is indicated by the Bayangol deposit, with its 
single coal horizon with a peculiar texture and 
petrographic composition. This is where we 
established our Type Three of coal accumula- 
tion. Structurally, the Bayangol deposit is a 
small trough (Figure 1), with the coal measures 
partly covered by younger basalt flows. The 
coal measures are Jurassic, about 500 m thick, 
and consist largely of lacustrine deposits. 
Their coal content is expressed locally in a 
single seam traced ARs by mining and 
drilling, over about 3 km4. 
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along its periphery, without any noticeable 
splitting up. 


Two facies have been identified in this coal 
unit: 1) a stagnant marsh, almost a lake; and 
2) a freely flowing marsh with an influx of 
terrigenous minerals. 


The stagnant marsh facies is represented by 
homogeneous semilustrous, nonstratified coals 
with a semiconchoidal fracture. Microscopi- 
cally, these are clarains with a homogenous 
transparent groundmass and inclusions of bark 
tissue, locally fringed with cuticle, as well as 
a few microspores and resinous bodies. Min- 
eral impurities are represented by isolated 
fine quartz grains. Fusainis missing. These 
coals were formed in a very wet marsh, al- 
most a lake, as witness the strong decomposi- 
tion of plant remains and the absence of fusain- 
ized tissue. Isolated algae are present in these 
coals. The facies of very wet, stagnant marshes: 
is widespread, in this unit. 


The freely flowing marsh facies, with an in- 
flux of terrigenous minerals, is represented by 
full, striated, horizontally-stratified coals. 
They have a resinous luster; under the micro- 
scope, they correspond to durain with a trans- 
parent groundmass carrying numerous resinous 
bodies and fairly coarse angular quartz grains. 
Accordingly, this coal may be called resinous 
liptogiolite with a considerable content of 
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Distribution of the coal seam in the northern 


field of the Bayangol deposit. 


1] - coal boundaries; 2 - area of distribution; 3 - faults. 


In the north, this coal seam occurs in isola- 
ted irregular patches (Figure 3). It is directly 
overlain by sapropelitic shale with a consider- 
able amount of decomposed to partially pre- 
served Pila algae. 


In the west, the coal horizon is simple in 
structure; in the west, it is broken up by as 
many as four shale and siltstone layers. Its 
base is represented usually by siltstone and 
carbonaceous shale. This horizon wedges out 
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mineral impurities. The origin of such coals 
appears to be related to the free flow in the 
marsh with a considerable influx of quartz 
grains. This facies is rather restricted, with 
dull, striated coals present in small lentils 

in the middle part of the unit. 


The occurrence in the Bayangol deposit of 
redeposited coal consisting of clarain and 
durain pebbles in an argillaceous groundmass 
is of interest. The formation of such 
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"conglomeratic'’? coals is associated with the 
erosion of a coal seam and redeposition of re- 
worked coal within the same coal area. A 
similar intraformation erosion of coal was ob- 
served in the Ekibastuz deposits, Kazakhstan. 


Thus Type Three coal accumulation is char- 
acterized by the predominance of lacustrine 
facies, a lenticular form of the coal deposit, 
and a strong ascendence of the very wet stag- 
nant marsh facies in coals. Here belongs the 
Kizhinga deposit (Figure 1) where exploration 
has revealed the presence of two coal bodies 
separated by a barren sand-conglomerate in- 
terval. The two workable coal seams of this 
deposit are made up of semilustrous striated 
coals of the very wet, stagnant marsh facies, 
and to a smaller extent of dull, striated coals 
of the freely flowing marsh facies. The dull 
varieties contain a large amount of resin 
bodies, as has been noted for the Bayangol. In 
analogy with the Bayangol trough, an extensive 
development of lacustrine deposits may be anti- 
cipated here. Belonging to the same type are 
Tertiary coals in the Transbaykal region, with 
their predominantly lustrous coals of the very 
wet, stagnant marsh facies. Occurring among 
the Baykal coals are lentils with algae, diffi- 
cult to identify because of the strong oxidation 
of coals. 


SUMMARY 


The three types of coal accumulation identi - 
fied from the Buryatian A.S.S.R. will un- 
doubtedly be encountered in other Transbaykalian 
deposits. Future comprehensive studies should 
further substantiate the designation of these 
types and possibly identify new types of coal ac- 
cumulation throughout the region. 


The differences in these types have been de- 
termined by the structure of their troughs of 
deposition, which has also determined the 
paleogeographic conditions and facies of coal 
measures and coal horizons. The determination 
of regularities in facies types in various coal 
fields of the Buryatian A.S.S.R. permits fore- 
casting the locations of different coals. Thus, 
coals of Type One are marked by a higher con- 
tent of mineral impurities and belong mostly to 
the flowing marsh facies. The distribution of 
Type Two coals suggests the presence of a 
number of coal facies. The main components 
of Type Three are two different facies: 1) a 
very wet, stagnant marsh; and 2) a freely flow- 
ing marsh. Local allochtonous formations 
occur in both. 


2" Conglomeratic" is used in quotes, because of the 
small size of clarain and durain pebbles. 


D2 


The data of this article are presented in 
Table 2 which shows that a definite form of coal 
deposit corresponds to each type of coal ac- 
cumulation. These accumulation types differ 
in the facies of their coal measures and their 
coal horizons. The most common genetic types 
differ among themselves in their ash content 
and to a certain extent in their content of 
volatiles and hydrogen. 


The predominance of this or that facies in 
coal measures and coal horizons has been deter- 
mined by specific features in the development 
of corresponding troughs. 


The present view of the Transbaykal region 
as a mobile platform is substantiated by the 
presence in the Buryatian A.S.S.R., of the 
three types of coal accumulation. 
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VOLCANISM IN THE KURILE ISLANDS 


by 


Ye. K. Markhinin 


This article deals with the general history and the present state of Kurile volcanism. It notes 
that the present intensive solfatara activity as well as the formation of sulfur deposits and aluniti- 
zation zones are related to the latest post-calderal volcanic activity expressed in the formation of 
annular and radial faults, acid extrusive domes, and minor near-surface intrusions. 


* * 


1. INNER AND OUTER ZONES OF 
THE KURILE ISLAND ARC 


The Kurile chain, which extends for over 
1000 km, in a northeasterly direction along the 
Eurasian-Pacific boundary, is a double island 
arc consisting of inner and outer zones. The 
outer zone embraces the northeastern extremity 
of the island of Hokkaido, approximately from 
the Kusiri coal deposits to the Nemuro Peninsula 
[5], the Lesser Kurile Ridge (Tanfil'yev, 
Zelenyy, Polonskiy, Sikotan islands, etc.) and 
is traceable in submarine relief, with a few 
breaks, to its continuation in Kamchatka. 


The inner Kurile arc begins almost in the 
central part of Hokkaido where it joins the 
transverse Yezo arc. It trends northeast from 
there, through the volcanic areas of Daisetsu 
and Akan and the Sirotoko Peninsula on Hokkaido, 
on through the Greater Kuriles islands, from 
Kunashir in the southwest to Paramushir and 
Shumshu in the northeast, and on to Kamchatka. 


The two arcs are different, first of all in 
their morphology. The main feature of the 
outer zone is its comparatively low and level 
relief. Its mountain chains, mostly Cretaceous 
and Paleogene in age, have been almost leveled; 
they are generally not higher than 400 m, and 
extend parallel to one another and to the general 
Kurile trend. In contrast to that, the Greater 
Kurile arc islands are characterized by the 
presence of sharp-peaked ranges made up 
largely of Neogene volcanics and rising to 1500 
m, and by high tablelands; i.e., mesas formed 
of Quaternary flows, 600 to 700 m high, and 
finally by remnants of extinct Quaternary and 


1 Vulkanizm Kuril'skikh ostrovov. pp, 45-58, 
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now active volcanoes, commonly higher than 
1500 m. 


Another difference between the two zones is 
the present volcanic activity in the inner zone 
as contrasted with the absence of it in the outer 
zone. Finally, the outer zone is marked by 
large gravity anomalies, in contrast to rela- 
tively small anomalies in the inner arc. That 
phenomenon has been recently noted by Japanese 
students Ch. Tsubon, M. Minato, K. Yagi, and 
M. Hunanashi [5]. Extensive geophysical ; 
studies carried out by the Pacific Expedition of 
the Institute of the Physics of the Earth, Acad- 
emy of Sciences, U.S.S.R., in connection with 
the I.G. Y., have confirmed these differences in 
gravity anomalies for the inner and outer arcs.? 
Thus, the boundary between the two can be 
drawn on the abrupt change in gravity anomalies. 


These manifest differences between the two 
arcs undoubtedly have deep-seated causes. A 
closer study of the geologic structure and history 
of the Kurile arc reveals that the geologic 
history of its inner and outer zones has been 
substantially different. While the outer zone is 
made up mostly of fossiliferous Cretaceous and 
Paleogene deposits, these rocks are not present 
in the inner zone. It is probable that Neogene | 
deposits in the Greater Kuriles rest directly on 
Paleozoic and early Mesozoic formations, 
similar to the Hidaka series of Hokkaido. This 
probability is enhanced by the analogy between 
the Greater Kurile ridge and the inner zone of 
the northern Honshu arc. It appears that the 
Cretaceous and Paleogene were periods of 
erosion, in the Greater Kurile arc. On the other 
hand, Neogene formations, unknown as yet from 


Preliminary information on some of the geo- 
physical anomalies in the Kuriles area has been ob- 
tained by the author from Ye.I. Galperin. 
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che Lesser Kurile arc, are quite thick in the 
Greater Kuriles. There are reasons to believe 
that the Neogene was a time of erosion in the 
uter Kurile zone.- This substantiates the 
iearlier conclusion by M. Minato, K. Yagi, and 
M. Hunanashi, arrived at largely from their 
study in northern Honshu, that tectonic move- 
ments in the inner and outer structural zones 

f northern Honshu and Kurile arcs had opposite 
a during certain periods of their geologic 
history. It appears that a deep fault passes 
between the two zones, reflected in the abrupt 
Change in gravity anomalies. Relative move- 
Ments along the fault have occurred and still do 
occur. 


2. THE HISTORY OF VOLCANISM 
IN THE KURILES 


Volcanism has played a great role in the de- 
velopment of the Kuriles. Its history, as deter- 
mined by Soviet and Japanese geologists, is 
presented in Table 1. 

_ Three cycles of volcanism are identified in 
the Lesser Kurile ridge: the Cretaceous, 
Tertiary (Paleogene?), and Quaternary. We 
assign to the Cretaceous cycle an interval 
designated as the Matakotan formation, by Sasa, 
in 1936, and occurring at the base of the Lesser 
Kurile section; and the gabbro intrusions which 
cut Cretaceous deposits but not the Tertiary. 


: The Metakotan formation presents an alterna- 
tion of volcanic conglomerates and sandstones, 
with flows of augitic andesite-basalt. The con- 
glomerate fragments are mostly rounded, and 
are derived from this basalt. Individual bould- 
ers are as much as 0.5 m across. According 
to Yu. S. Zhelubovskiy, the Matakotan section 

is at least 400 m thick. It trends to the north- 
east, dipping 25° to the southeast, and is over- 
lain with slight angular unconformity by typical 
sedimentary rocks. The latter carry, especially 
in their lower part, some volcanic material in 
the sandstone, shale, siliceous rocks, and marl, 
with a scanty Senonian fauna. 


This formation was first described as Sikotan, 
by Sasa, and then as Malo-Kuril'skaya, by Yu. 
S. Zhelubovskiy; its thickness is about 200 m. 
Its origin marks a subsidence and a break in 
surface volcanism in the Lesser Kurile ridge. 
The gabbro intrusions, which we believe to have 
been manifestations of mighty volcanic processes 
during Matakotan time, cut and alter the Senonian 
deposits. Thesé intrusions are 1 to 3 km across. 
They are mostly of gabbro and basic diorite and_ 
consist largely of basic plagioclase and assorted 
dark minerals — olivine, augite, hypersthene, 
and biotite. 


After a certain interval, surface volcanism 
in the Lesser Kurile ridge surged up with new 
vigor, in the Tertiary (Paleogene?). The 
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Tertiary cycle is represented here by flows and 
lava breccias of andesite and andesite-basalt, 
tuffaceous conglomerate, and numerous dikes. 
Occurring in the conglomerate, along with 
andesite and andesite-basalt fragments, are 
pebbles of gabbro from Upper Cretaceous in- 
trusions. These rocks trend northeast, with 
dips as high as 20°. According to Yu. S. Zhe- 
ee ese the Tertiary volcanics are 500 m 
thick. 


After a phase of folding of Cretaceous and 
Paleogene rocks, and following a considerable 
break in sedimentation, accompanied by erosion 
and denudation (Paleogene?), the Lesser Kuriles 
appear to have been the site of a strong flare-up 
of Quaternary volcanism, which we designate as 
a separate cycle. Its formations rest with 
sharp angular unconformity on the Cretaceous 
and Paleogene, and they are represented by 
two-pyroxene andesite and olivine basalts which 
make up a number of collapsed volcanic struc- 
tures in Sikotan Island, many of which are peri- 
Clinal to the centers of volcanic structures. 


We recognize the Miocene, Pliocene, and 
Quaternary volcanic cycles in the Greater 
Kurile arc [3, 4]. The Miocene cycle rocks 
have been strongly altered, hydrothermally and 
pneumatolytically, as well as closely folded, 
and broken up by numerous faults. They are 
overlain, with major angular unconformity, by 
the Pliocene cycle rocks, slightly altered and 
usually gently dipping at 10 to 15°. The 
Quaternary rocks are either horizontal or 
slightly periclinal, away from the centers of 
young volcanic massifs. 


The Miocene volcanic cycle is represented by 
assorted extrusives (andesite to rhyodacite), 
intrusions of quartz diorite, and vein rocks. 


Assorted undifferentiated volcanics are quite 
common in Kunashir, Urup, and Igurup islands, 
where they are represented by dacite, rhyo- 
dacite, and their tuffs, which are commonly 
propylitic. This section is cut by intrusions of 
quartz diorite and numerous dikes of paleotype 
andesites and andesite-basalts. It warrants 
special attention as the repository of a sulfide 
mineralization, probably related genetically to 
granitic intrusions. It is no less than several 
hundred meters thick. It has been tentatively 
assigned to the Miocene, in analogy with the 
"sreen tuffs' widely developed in northern 
Japan. 


Quartz diorite intrusions, known from Para- 
mushir, Urup, and Kunashir, occupy small 
areas. They have a weathered aspect; their 
feldspars are pelitic, with the dark minerals re- 
placed by chlorite. The common development of 
porphyritic and microaplitic textures suggests 
the hypabyssal origin of these bodies. The age 
of these quartz diorites is tentatively assumed 
to be Upper Miocene [ 3]. 
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_ The Miocene vein series is represented in 
2 Greater Kurile islands by dikes of acid and 
Sic rocks and by quartz-sulfide veins. Dikes 
propylitic rhyodacite and dacite are present 
dng the northwestern coast of the Kunashir 
and, in the Prasolov Point area. Their thick- 
ss ranges from 0.5 to 12 m, and they are 
sociated with a massif of quartz diorite. They 
this massif; consequently, they are younger 
ait, although in places they preceded the 
“mation of the andesite and andesite-basalt 

in series. Dikes of basic rocks are quite 
mmon, ranging in thickness from a few 
ntimeters to many meters. Sulfide-quartz 
ins in the hydrothermally and pneumatolyti- 
lly altered Miocene section (more specifically, 
kkuchayevo, Valentinenskoye, and Zolotoy 
yuch deposits, in Kunashir Island) appear to 
related genetically to granitic intrusions. 

\ey carry copper-lead-zinc and gold-silver 
heralization. I.P. Aver'yanov lists among 
2ir ore minerals, pyrite, sphalerite, galena, 
alcopyrite, molybdenite, argentite, gold 
luride, native gold, bornite, chalcocite; 

1ong vein minerals, apart from quartz: 

rite, kaolinite, and siderite. Vein contact 
‘erations are represented by pyritization, 
Olinitization, and silicification. The vein 
.ckness usually does not exceed 10 cm. The 
end of Miocene veins and dikes is variable, 

st commonly to the northwest, with steep 
gles of dip. 


The Pliocene cycle is represented mainly by 
faceous conglomerate with pebbles of quartz 
rite, and basic tuffaceous sandstones. They 
e known from a number of Greater Kurile 
ands, where they locally carry a Neogene 

ana and commonly contain intercalations of 

ic extrusives. Their total thickness reaches 
indreds of meters, in individual sections. 
sumably Pliocene tuffaceous sandstones in 

2 Goryachiy Plyazh area, Kunashir Island, are 
by a small rhyodacite intrusion. We have 
served rhyodacite outcrops also at Point Reefs 
along Turin Creek, in the sameisland. The 
int Reefs rhyodacites are perlitic and may be 
jinterest as a source of perlite raw material. 
‘cording to measurements made by G. A. 
spelova on several samples we have collected 
ym the Goryachiy Plyazh extrusion, they show 
reverse residual magnetism, typical of the 

) of the Pliocene and the base of the Quatern- 
y- It is probable that these rhyodacites be- 
ig to the very close of the Pliocene volcanic 
icle. 


Three principal periods are discernible in 
laternary volcanism of the Greater Kurile 
ige: first, the formation of andesites and 
desite-basalts, now found at the base of 
any volcanoes and exposed in many places 
der high marine terraces (100 m and over); 
cond, the formation of unconsolidated vol- 
nic-sedimentary sections of andesite to 
cite composition, which make up the high 
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marine terraces; and third, the formation of 
volcanic structures which make up the present 
relief and consist of calcareous extrusives of 
varying basicity from basalt to dacite. 


The first period lavas, which form level 
plateaus, are marked by a reverse magnetism, 
according to preliminary data, at least in some 
places. Such are, according to G. A. Pospelova, 
three of our samples from the South-Kurile 
point lavas. This appears to suggest that these 
lavas occur near the Pliocene-Quaternary bound- 
ary. Submarine volcanism is associated with 
the second period, because the sandy pumice 
beds making up the high marine terraces were 
deposited in water. The volcanoes which sup- 
plied material for these deposits, specifically 
the Golovin and the volcanoes in the areas of 
Lake Peschanoye, Kunashir; Krasivoye, Iturup, 
etc., apparently were unstable, at that time, 
and their active cones were rapidly destroyed 
by the sea. Their present structures were 
formed after an uplift, when the volcanoes stood 
high. 5 


It appears then that volcanic eruptions in the 
Kuriles have been associated with both uplift 
and subsidence. In the Cretaceous and Paleo- 
gene, the outer zone of the Kurile arc subsided 
and its volcanic activity accompanied this move- 
ment. At the same time, the inner zone was 
rising. An inversion took place at the onset of 
the Neogene. The movement was reversed in 
both zones; this time, it was the inner zone that 
was affected by Neogene subsidence with the ac- 
companying volcanic eruptions. In the Quatern- 
ary, both zones were subjected to recurrent up- 
lift and subsidence. Only isolated flare-ups of 
volcanism took place at the beginning of the 
Quaternary, in the Lesser Kurile ridge, which 
has subsided in recent time. Conversely, the 
Greater Kurile ridge underwent vigorous vol- 
canic activity, with the presently existing vol- 
canoes having been active during the entire up- 
lift of the Greater Kuriles. 


3. RECENT VOLCANISM 
IN THE KURILES 


By recent volcanism we mean volcanic 
phenomena which have led to the present land- 
forms of active and extinct Quaternary vol- 
canoes. Thirty-nine active volcanoes, with 
well-expressed structures, one of them sub- 
marine, are known in the Kuriles [2]. Their 
eruptions are mostly of an explosive nature, 
with the ejection of large volumes of pyroclastic 
material which is annually dumped into the sea. 
Lava flows, blocky as a rule, are subordinate. 
It is impossible to determine any regularity in 
the change of their composition in the course of 
time. It has been observed that even adjacent: 
volcanoes, during simultaneous eruptions, 
ejected different lavas (e.g., dacite lavas of the 
Mendeleyev vs. basalt lavas of the Tyatya). 
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Table 2 


Composition of Condensed Solfatara Vapors and of Hot Springs 


Condensates of solfatara vapors 


Components] Ebeko volcano 


gm /liter 


NH, 


Na 
Ca 
Mg 
Al 
Fe 
Fe 
Mn 


Cu 
Tit4 


Total 
cations 


Cl 
sO, 
HSO, 


F 
Br 


NO, 


Total 
anions 


CO, 
H,SiOs 
H.S 


HPO, 
HBO, 


S 
H,ASO, 


tw 115° 


0.0742 
0.005 
0.2358 


0.1535 
0.0139 
0.009 


0,002 


— 


3.4170 


0.0851 


— 


2.740 
0.0026 


Mendeleyev 


volcano 
t=100° 


0.0027 
0.0002 
0.0637 


0.1648 
0.0165 


{gerer 


L{+#12e1 
oe 


3.7290 | 0. 
fe 


‘Ye.P. Ryabichkina and Ye.P. Podol'skaya, Analysts. 


1.02 


7 J 


Golovnin 
volcano 
t=100° 


0.0061 
0.0004 

| 

| 0.1033 
0.2404 
0.537 


pine 


0.1953 


4.41088 
0.0663 
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Ebeko voleano 
t ~60° 


0,0008 
0.0006 
1.3961 
0.1040 
0.0497 
0.080 


0,045 


Hot spring waters 


Berutarube 
volcano 
£20? 


0.0035 
0.0010 
0.0098 
0.2070 
0.3643 
0,0693 
0.1810 
0,3910 
0.0710 


_— 


— 


4.2670 


0.3671 
3.0752 
0.6822 
0.0010 


PT TET Sl 


Golovnin 
volcano 
t=93,5 


0.0350 
0.0015 


— 


0.1045 
0.0305 
0.4173 
0,0010 
0.2070 
0.0002 


Table 2 (continued) 
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ntent of Hydrogen Sulfide and Sulfurous 
rases in Solfataras on the Slope of An 
_Extrusive Cone (Golovnin Volcano) 


| Gases 


7e.P. Ryabichkina, Analyst. 


in gm /liter % of total 


It appears, however, that basic lavas are 
followed, in time, by more acid types). 


The most important event in the development 
of many present volcanic structures was the 
formation of calderas, which always dampened 
the volcanic vigor. Over half of the active vol- 
canoes preserve this calderas, either intact of 
partly destroyed. The number and size of 
calderas of extinct volcanoes are even greater. 
There is no evidence against a collapse origin 
of the Kurile calderas. 


In following G. Williams, Van Bemmelen, and 
the majority of volcanologists, we believe that 
the major Kurile calderas have originated as 
follows. A partial removal of the content of a 


Table 2 (continued) 


Composition of Associated Gases (Golovnin Volcano) 


Sampling 
{ location 


Teploye Ozero 


Large caldera 
i Lake 


K.P. Florenskiy, Analyst. 


Components 


SiO. 
TiO, 
AlsnO3 
Fe.Og3 
FeO — 
| MgO 
CaO 
| N a,O 


K.O 
SO; 


S 
(++H20)+ (—H,0) 


Total 


Components 


Table 2 (continued) 


Composition of Altered Rocks 


V.G. Sil'nichenko, Analyst. 


Sampling locality 


Mendeleyev Volcano Golovnin Volcano 
relatively | interior of | periphery of 
slightly an altered | an altered decomposed 
altered andesite andesite andesite 
andesite block block 
57.88 79:22 90.92 45.64 
0.80 0.98 4.08 0.38 
45.56 2,50 2,87 0.17 
eu 0.01 | 6.26 0.25 
0.74 — _ — 
_— 0.14 0.34 = 
2.73 0.20 0.06 oe 
0.67 0. a — — 
0.19 0.3 _ -- 
14.79 _— = 2.30 
_ 4.67 0.09 -— 
6.05 8.06 4.48 51.85 
| 99.41 | 100.35 | 100.06 | 100.09 
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volcanic magmatic chamber, during vigorous 
eruptions, proceeded faster than the space so 
vacated could be filled by magma rising from a 
deeper source. The volcanic structure col- 
lapsed under its own weight, along an annular 
fault zone, and a caldera was formed at the 
surface. The largest Kurile calderas (L'vinaya 
Past’ and Kudryavyy) are about 10 km across 
and as much as 80 min depth. Thus the volume 
of pre-collapse volcanic hollows is measured 
in tens of cubic kilometers (it has been demon- 
strated that the formation of calderas through 
foundering is possible only when the magnetic 
chamber is located at shallow depths, not ex- 
ceeding a few kilometers). Such hollows may 
originate only in an assimilation of lateral 
rocks by magma, and after their removal to the 
surface during eruptions. Quite typical of the 
post-calderal activity in the Kurile volcanoes 


Table 3 


Volcanic Eruptions in the Kuriles 


Volcano 
Berg Volcano Winter 1951-1952 


Karpinskiy Caldera November 5, 1952 


Krenitsin Peak 


Sarychev Peak 


Zavaritskiy caldera 


is the formation of extrusive domes, usually of 
acid andesite or andesite-dacite, with 58 to 65% 
SiO». A study of the internal structure of these 
domes has shown them to be more complex 
than the standard onion or fan-shaped types. 


For some typical data on the composition of 
solfataras and altered rocks see Table 2 (from 
collections by G.S. Gorshkov, S.I. Naboko, 
and the author). 


The present vigorous solfatara activity and 
the formation of sulfur springs and zones of 
alunitization are often associated with the for- 
mation of the annular and radial faults, at the 
close of the volcanic activity, and with the 
appearance of acid extrusive domes and minor 
shallow intrusions (one such intrusion appears 
to be responsible for a domal uplift in lacus- 
trine deposits within the Golovnin caldera). 
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November 12-19, 1952 


November 9-19, 1956 
August to October 1954 


November to December 1957 
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Almost 75% of all active Kurile volcanoes 
have solfataras represented by gas-steam 
glows, hot springs, and small mud volcanoes. 
The solfatara temperature is usually about 1... 
100°C, reaching 200 or 300°C at times. Their : 
chemical composition is fairly similar for dif- 
ferent volcanoes, varying somewhat depending 
on the escape conditions for volcanic gases. 
Subaerial solfatara blows are marked usually 
by the abundance of water vapor and carbon 
dioxide, with the typical presence of hydrogen 
sulfide, sulfurous gases, and hydrogen chloride 
These components dissolve in their passage 
through water, which explains the anion compo~ 
sition for waters of hot springs and warm 
crater lakes. 


Predominant among the associated gases of 
hot springs and crater lakes is carbon dioxide, 


Nature of eruption 


Ash ejections 


Ejection of dark gas billows 
with ash 


Lateral, essentially explosive 
eruption, terminated with 
the appearance of a cone 


Formation of hot landslides 
Ash puffs; formation of a lava 


plug 


Ash and bombs blown up as 
high as 7 or 8 km. Ap- 
pearance of an extrusive 
dome 


with some nitrogen, methane, and hydrogen. 
The strongly acid waters (pH = 0. 5-3. 0) ob- 
tained in the solution of the volcanic gas compo-- 
nents in meteoric waters react vigorously with 
their reservoir rocks and leach out the latter's 
metals. This is the cause of the cation content 
of these waters (Table 2). Formed in the course 
of rock alteration and of the ''evaporation" of 
solution are efflorescent minerals (halo- 
trichite, pickeringite, alunogen, sulfates, and | 
alum). It is probable that the presence of some | 
of the cations of such elements as boron in 
thermal waters, in addition to the anions, may 
be explained by their being brought in by vol- 
canic gases. Sulfur is formed in the oxidation 
of hydrogen sulfide, either at the surface or 
near it, in all solfataras. In particular, this 
process is responsible for the accumulation of 
sulfur-carrying oozes at the bottom of some 
warm crater lakes. It should be noted that 
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rocks rich in iron sulfide have occasionally been 
uncovered by erosion, in solfatara fields (e.g. , 
Mendeleyev Volcano). S.1. Naboko believes 
that a precipitation of iron sulfide takes place 
when descending iron sulfate solutions meet 
ascending solutions carrying sulfide ions. An 
immense amount of metals leached out of rocks 
is carried annually out to the sea. As the acid 
streams meet the sea water, a considerable 
portion of dissolved material is precipitated 
and deposited as a future cement for volcanic- 
sedimentary material. 


Volcanic energy, constantly expended in 
solfatara activity, is comparatively rarely used 


a". : 


a 


os 


90 


oo 60 


FIGURE 1. 


up in the paroxysms of volcanic eruptions. 
Major eruptions in the Kuriles have occurred 
in historic times, at the rate of one in several 
decades; the minor ones, every few years. 

Six comparatively minor eruptions have oc- 
curred since 1946 (Table 3). 


4. A BRIEF GENERAL DESCRIPTION OF 
VOLCANIC ROCKS IN THE KURILES 


Present among the cenotype volcanic rocks 
in the Kuriles are quite diversified members 
of the alkaline earth series, from basalts to 
rhyodacites; however, andesites are in the 


/ 


42 


= 
—e_ -— ‘2. 
ieee Moo eee 
ya ha oe 
nena. Cas | 


aor ig EE 6 | Ct TT Sea 


Variation diagram of the composition 
of recent volcanic rocks 


glass, which determines the presence of quartz. 


ascendence, with frequent deviations toward 
andesite-basalt and andesite-cadite.’ This 
assemblage of genetically related rocks has 
certain typical common features, as follows: 


1. Plagioclase is the principal mineral in 
incrustations and microlites, in all rocks, from 
the most basic to the most acid. Its incrusta- 
tions are generally basic, as basic as labrador- 
ite, even in such acid rocks as andesite-dacite 
and rhyodacite. 


2. Pyroxene predominates among the dark 
minerals, in all petrographic varieties, includ- 
ing the most acid. The only exception are some 


65 


in the Kuriles. 


basalts where olivine is the principal dark min- 
eral. 


3. Monoclinic and rhombic pyroxenes usually 
occur together; with olivine in basic rocks (and 
occasionally in the acid). 


4. The usually high content of incrustations 
(except in the most acid and most basic rocks). 


5. A relatively acid composition of volcanic 


3F .Yu. Loewinson- Lessing's criteria were used in 
differentiating the rock families. 
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i Characteristics of the principal types of 
“.urile lavas are given in Table 4. Andesite- 
sasalt and andesite are the most common. 


its optic angle ranges from -82 to -88°. The 
content of fayalite, ranging from 20 to 30%; 
corresponds to these values. The average 
value of 2V is 54° for incrustations of mono- 
oot pyroxene, and 51° for microlites. Ac- 
> I cording to M. M. Veselovskaya's diagram, th 
oe Sein <) Doe mre values correspond to the Sree ng eonBbctlond: 
=F st acid, with No. 82 in 44 En, 38 Fs, 38 Wo; and 47 En, 22 Fs, 31 Wo. 
he Sea basic of the samples analyzed) and vol- The optic angle for rhombic pyroxenes in the = 
: glasses (n = 1. 488 in the most acid lavas; lavas analyzed ranges from -58° to -70°. Ac- 
= 1.551, in the most basic). The basicity of cording to the Winchell diagram, these angles 


) Plagioclase is "high-temperature" in all 
@avas studied. The basicity of lavas strongly 


Cc 10 en 0 5 10 


a 


mf Ra a 


FIGURE 2. Correlation of chemical composition of associaions of 
volcanic rocks in the Kuriles, Kamchatka, and Japan; 
from A.N. Zavaritskiy's diagram 


1 - outline of the field of A.N. Zavaritskiy's main numerical character- 
istics for volcanic rocks in the Kuriles; 2 - same for Kamchatka; 3 - 
median line for the cluster of A.N. Zavaritskiy's main numerical char- 
acteristics for the Kurile volcanics; 4 - same for Kamchatka; 5 - same 


for Japan. 


\lagioclase phenocrysts rises in the more basic correspond to a 32 to 44% ferrosilite content. 


lavas also (No. 37 in the most acid; No. 90 in The difference in the chemical composition of 

he most basic). No regular changes in the lavas is determined by differences in the crystal- 
Iroperties of dark minerals have been observed glass ratio, and that of the crystals of different 
n the transition from basic to acid lavas. Oli- minerals to assorted microlites and to plagio- 
7ine is characterized by its reaction fringes; clase inclusions. The SiO2 content in lavas 
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ranges from 50% (basalt) to 74% (rhyodacite). 
The R. Harker curve for a decrease in the total 
iron oxide content with an increase in SiO? is 
almost a straight line. The same is true for 
the calcium oxide. The decrease in the MgO 
content proceeds along a flatter curve (Figure 
1). Because of the low content of alkali in all 
lavas, Harker's curves for CaO and NagO + 
K90 intersect only at 68 SiOz. This value, 
known as the alkaline earth index, is higher 
than for Japanese lavas (65%) which are supposed 
to be the most calcareous. In their chemistry, 
recent volcanics from the Kuriles are most like 
the recent lavas of Japan, differing from them 
in having an even lower alkali content in rocks 
of intermediate composition (Figure 2). The 
main features of the chemistry of Kurile lavas 
are as follows: 


1. A distinct alkaline earth nature of all 
lavas, from basalt to rhyodacite. 


2. The presence of free silica even in basic 
lavas, brought about by the low alkali content. 


The Kurile lavas are derivatives of basalt 
magma which has assimilated, on its upward 
migration, some sialic material. This is sub- 
stantiated by the following facts: 


1. The presence of a sial root underneath 
the Kuriles, as established by geophysical 
study. 


2. The volume distribution of rock types. 
As noted before, basic andesite and andesite- 
basalt are in the ascendance, with basalt and 
dacite quite rare. Significantly, even the 
basalts have a higher SiO2 content, while oli- 
vine shows reaction fringes in the basalts. 


3. The peculiarity in the chemical composi- 
tion of lavas mentioned above. 


T. Barth [1] points out that Peacock's 
alkaline earth index is an indication of the de- 
gree of contamination of magma, by sialic 
material. The higher the index, the higher the 
degree of contamination. The alkaline earth 
index for the Kuriles is probably the highest in 
the world. A. Rittman [6] has proposed 
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recently a certain function of the chemical com- — 


position 
(Na90 + K90) | 2 
; f . 


SiO2g — 43 


which gives an idea of the origin of the extru- 
sive rock series; the oxides are taken in percent 
by weight; and the decrease of the function from 
femic to sialic rocks shows the importance of 
the assimilation of acid material by a basic mag- 
ma. For the Kuriles, this function drops from 
2.3 to 0. 4, which indicates a contaminated mag- 
ma. 
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? Kamchatka Peninsula is the peripheral seg- 
nent of a young geosyncline located between the 
tlesozoic folded province of northwestern Asia 
nd the Pacific. Its structures, especially in 
le eastern part, are still tectonically active. 


Most of the earlier students of Kamchatka, 
..N. Zavaritskiy, B. F. D'yakov, M.F. Dvali, 
|. M. Vlasov [2, 4, 5, 6], conceived it asa 
ystem of folded structures trending with the 
eninsula and continuing along the Kurile island 
rc. These structures have maintained their 
cend throughout geologic history. 


_ Recent geologic, exploration, and geophysical 
tudies have provided an immense amount of 
ata differing to a considerable extent with this 
onventional concept of the tectonics of Kam- 
hatka. Two principal trends of folding were 
stablished for its southern half: meridional to 
outheasterly, in the lower structural stages 
jre-Mesozoic ?, Mesozoic, and Tertiary); and 
ortheasterly (superimposed Pliocene-Quatern- 
ry). A correlation of geologic and aeromag- 
etic data refines and corroborates this concept. 


i] 
) 


Present in the lower structural stages, in 
asins of the Bystraya, Plotnikova, and Avacha 
ivers, are three folded structures: the Ganal- 
‘hangar and the Stepanov anticlines, with the 
achikin synclinal graben separating them. 


The Stepanov anticline is located largely 
rithin the Sredinnyy range. Its axis is traceable 
nm a submeridional trend from the middle course 
f the Kolpakova River, south of the mouth of the 
tepanova River, a right tributary of the 
'ystraya; farther south, the axis veers smoothly 
9 the south-southeast, and plunges in that di- 
‘ection, in the upper courses of the Bannaya and 
he Karymchin. This fold is about 180 km long, 
vith a maximum width of 50 km. 


The Ganal-Khangar anticline lies east of the 


INovyye dannyye o tektonicheskom stroyenii 
uuzhnoy Kamchatki (po rezul'tatam geologicheskikh 
aeromagnitnykh rabot). pp. 59-67. 
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NEW DATA ON THE STRUCTURE OF SOUTHERN KAMCHATKA, 
FROM GEOLOGIC AND ELECTROMAGNETIC STUDIES! 


V.L Tikhonov, and L. A. Rivosh 


Stepanov anticline. Its northern segment falls 
within the northern part of the Sredinnyy Range, 
with its southern segment in the Ganal Range. 
It is about 270 to 280 km long, with a maximum 
width of 30 to 40 km. This fold is traceable 
from the upper course of the Icha, on an almost 
meridional trend, as far south as the Ganal 
Range where it veers northeast and plunges to- 
ward Petropavlovsk. 


The axial parts of both anticlines are made 
up of pre-Mesozoic metamorphics, with limbs 
of Cretaceous tuffaceous siliceous rocks. 


Separating the southern segments of these 
anticlines is the Nachikin synclinal trough, 
plunging southeast and filled up with Tertiary 
sediments and volcanics. Its known part is 100 
to 110 km long and 40 km wide. 


The limbs of all structures are complicated 
by faults which were the loci of vigorous Terti- 
ary volcanic activity, with the resulting ac- 
cumulation of considerable thicknesses of 
andesite and andesite-basalt. 


Geologic maps (M. F. Dvali, G.M. Vlasov 
and B. A. Yarmolyuk, V.P. Mokrousovy, etc. ) 
show several smaller folds of the same trend, 
north of these structures. A synclinal trough 
of the same trend is present in the Nalycheva 
River basin, northeast of the Ganal-Khangar 
anticline; it is filled with Tertiary deposits. It 
is at least 130 km Jong, with an apparent thick- 
ness of 25 to 30 km. An anticlinal fold of the 
Nalycheva trough trend is quite conspicuous in 
the Shipunsk Peninsula; its core is Cretaceous; 
it is 40 km long and not over 15 km wide. 


Judging from the distribution of Tertiary de- 
posits, there should be, farther northeast, a 
large southeasterly trending trough; its syn- 
clinal nature is best expressed within the south- 
eastern slope of the Valaginsk Range, in the 
middle course of Zhupanova River. Present 
here is a well-defined south-southeasterly 
trending fold whose core is Upper Miocene or 
Pliocene, and the limbs, Lower and Middle 
Miocene. Its segment not covered by Quatern- 
ary andesite-basalt is 40 km long and 25 km wide. 
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The northern terminal of the Valaginsk 
Range is a minor anticline associated with the 
above-named syncline. Cretaceous rocks are 
exposed in its core, with Tertiary in the limbs. 
This structure is overlain in the southeast by 
Quaternary extrusives; it appears to trend 
south-southeast from the Shipunsk Peninsula, 
and north of there. 


The present poor state of knowledge pre- 
cludes any judgement of the trend of lower stages 
in these structures, in the northern part of the 
Sredinnyy Range and in the Tumrok and Kumroch 
ranges. The data on hand suggest a similar 
arrangement of structures, except for their 
trend, which appears to approach meridional, 
judging from the Tyushevsk trough. 


Much better expressed in Kamchatka is the 
younger superimposed Kurile trend. It is mani- 
fested in the relief as well as in the flexing of 
peneplanation surfaces and of lava flows; in the 
change of the nature and height of terraces; in 
the distinct zones of younger faults; and in 
Quaternary volcanism. 


The northeasterly trending Sredinnyy and 
East Kamchatka ranges (the latter differentiated 
into the Ganal, Valanginsk, Tumrok, and Kum- 
roch Ranges) undoubtedly are young anticlinal 
structures having originated largely in the Plio- 
cene. Their limbs, as well as the Quaternary 
andesite-basalt flows, are cut by faults parallel 
to the deep Kurile-Kamchatka trough. The ele- 
vations of lava flows and the peneplain surfaces 
are considerably higher in the crestal parts of 
these uplifts, becoming progressively lower in 
their sides, as can be seen clearly along a 
stretch from the Kronotskiy Peninsula to the 
Tumrok Range; also in the Kumroch Range, 
of Azhabach'ye Lake. 


In a number of places, rivers: crossing the 
Kurile trend ranges are fringed with low and 
wide constructional terraces; toward the crests 
of the ranges, the latter change gradually to 
high and narrow basement rock terraces with a 
thin alluvium cover. 


The Central Valley of Kamchatka is a major 
young trough filled with unconsolidated and vol- 
Canic Quaternary deposits. It separates the 
Sredinnyy and east Kamchatka ranges. Its 
wings are complicated by major northeasterly 
faults. In the south, this trough becomes a 
narrow graben cutting the lower stage struc- 
tures, as is especially conspicuous between the 
villages of Pushchino and Apacha. Associated 
as a rule with the limbs of these major recent 
structures are zones of the most vigorous 
Quaternary volcanism. 


All this is evidence of tectonic activity in 
structural zones with the Kurile trend, con- 
tinuing into the present. Many geologic features 
of Kamchatka are reflected in magnetic maps. 
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Before going into an interpretation of aero- 
magnetic data, it is expedient to pause briefly 
for the principal geologic causes of magnetic 
anomalies, in this region. 


1. A peculiar feature of the geologic struc- 
ture of the entire peninsula is the wide develop- 
ment of volcanic facies against the general back~ 
ground of terrigenous and areno-argillaceous 
deposits. Flows of intermediate to basic ex- 
trusives were of an areal magnitude, largely in 
the Late Cretaceous, Paleogene and Early 
Quaternary. The major extrusive sheets and 
sills, responsible for the vast positive magnetic ° 
fields were formed then. Here, the areas of 
intensive linear magnetic anomalies reflect the 
feeding channels and roots of the flows (where 
such areas are not obviously associated with 
the still younger volcanic relief features). 


Such magnetic fields are present in areas of 
the Nachikin, Nalycheva, Shipunsk-Karganins, 
and Tyushevsk troughs; in the southern and 
southeastern parts of the Central Kamchatka 
trough; and in the offshore segments of the 
oceanic bottom (Figure 1). 


Thus, different geologic structures may have : 
similar magnetic characteristics. Accordingly, - 
a single interpretation of aeromagnetic data for 
the entire region is impossible apart from geo- 
logic considerations. 


The presence of two structural zones is also 
corroborated by the distribution of the magnetic 
anomaly zones (Figure 1). The large extrusive 
sheets, whose distribution is related to the 
elongated tectonic zones, are represented as 
vast linear disturbances in the positive mag- 
netic field, standing out sharply against the 
relatively inconspicuous negative magnetic fields 
reflecting normal nonmagnetic sedimentary 
rocks or ancient metamorphic bodies. 


2. Magnetic fields rapidly changing their 
signs are associated with Pliocene to Early 
Quaternary plateau basalts constituting the 
"armor" of considerable areas in Kamchatka 
(e. g., in the southern volcanic province). 


3. Narrow linear magnetic anomalies are 
associated with fault zones or with other weaken~ 
ed crustal belts favorable for the passage of 
magmatic melts. 


4. The boundaries of sharply differing mag- | 
netic fields mark in many places the northwester 
ly, latitudinal, and northeasterly normal faults 
controlling the relative vertical movements of 
adjacent magnetic rock blocks. These zones, 
local according to electromagnetic data, may 
have a considerable length, being related to both 
the young and old structural plans. 


5. The distinctive isolated isomatric anom- 
alies mark the young postglacial conic volcanic 
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FIGURE 1. Distribution of magnetic anomalies. Tectonic elements 


are marked off from aeromagnetic data, 


1 - areas of largely uniform and weak negative magnetism; 2 - areas 
of disturbed positive magnetism related largely to Tertiary volcanics 
(Numerals on map: 1 - Nachikin trough; 2 - Nal'chevo trough; 3 - 
Shipunsk-Kirganinsk zone; 4 = Tyushevsk trough); 3 - areas of dis- 
turbed positive magnetism associated largely with Quaternary extru- 
sives: | - southern and southeastern parts of the Central Kamchatka 
trough, I! - folds and faults of the Kurile trend; 4 - areas of dis- 
turbed, largely sign-changing magnetism, related to superimposed 
belts of Quaternary volcanism; 5 - major faults with the Kurile 
trends, controlling the distribution of zones of young volcanism; 

6 - faults associated with the ancient folding plan. 


in the sign of their magnetism (Bol'shaya Ipel'ka) 
or by intensive saw-tooth shaped magnetic fields 
(Zhupanovskiye Vostryaki, Schmidt). 


itructures and eruption centers of ancient, al- 
‘uost completely destoyed volcanic cones. 


Ancient shield-like volcanoes, their relief 
roken by glaciers, are marked by rapid changes 
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6. Basic and ultrabasic intrusive bodies are 
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FIGURE 2, 


Pre-Mesozoic, Mesozoic, and Tertiary structural stages: 
2 - synclinal axes: a - known, b = assumed; 3 - province of young superim- 
posed uplifts and troughs (Kurile trend); 4 - superimposed Quaternary vol- 
canic belts; 5 - faults associated with the ancient folding plan; 6 - faults 
of the Kurile trend, controlling the distribution of young volcanic zones 
and associated with the young structural plan; 7 - tectonic escarpment in 


front of the Kurile-Kamchatka trough. 


reflected in isometric magnetic anomalies, dif- 
fering from the volcanic structures in their lack 
of high negative values of AT in the north side 


of the anomaly, and in a more broken up aspect 
of the field. 


All these types of magnetic anomalies are 
conspicuous in the area under study; it should 
be stressed, however, that the most essential 
among them, those that determine the general 
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Main tectonic features of southern Kamchatka 
(from geologic and electromagnetic data), 


: Vi 


PO 
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] - anticlinal axes; 


aspect of the magnetic field are the vast positive 
magnetic fields reflecting the two structural 
plans of Kamchatka (Figure 2). 


The Nachikin trough is the best reflected on 
the magnetic map. Its higher magnetic values 
reflect the thick extrusive bodies emplaced in a 
structure which subsequently acquired the fea- 
tures of a graben bound by long faults, in the 
southwest and northeast. These faults are well 


ixpressed by both geologic and aeromagnetic 


ta, along its northeastern boundary. 


_ An abrupt change in the magnetic field sug- 
ests the presence of similar faults along the 
Horthwestern boundary of the graben, as well. 
»resent in the northern segment of this struc- 
sire are two correlative, linear, elongated zones 
yf magnetic anomalies, evidently marking the 
f2eder tectonic zones. In the southern part of 
j1e graben, such zones are concealed under 
)uaternary basalt flows and northeasterly 
rending young volcanic ranges; however, the 
#eneral northwesterly trend of the trough is 
/Onspicuous on the magnetic map, present under 
ae young volcanics. In other areas (e.¢g., near 
Noryaki), the Quaternary lavas, because of 
‘eir slight thickness, are not at all reflected in 
he magnetic map. 

\ 
Only the relatively undisturbed, weak negative 
faagnetic field marks the anticlinal structures 
ringing the trough; this becomes anomalous 
mly southwest of the graben in the Stepanov 
mticline area because of Quaternary structures 
yuperimposed on ancient structures. 


Present here as well as in the Ganal Range 
‘reas are elongated northwesterly zones of 
magnetic anomalies enhancing the general struc- 
sural trend. These mark the intrusions and 
solated volcanic structures associated with 
“mcient faults along the junctions of uplifts and 
subsidences, and rejuvenated by younger tec- 
jonic movements. 


| The amazing coincidence of a positive mag- 
jietic field with the entire Nachikin trough is of 
importance. It appears that, as this structure 
leveloped, it was filled up with extrusive rocks 
which entered it along zones of weakness de- 
veloped simultaneously with its formation, 
long its periphery and in the maximum Zone of 
subsidence. 

iT 
_ Aeromagnetic data as well as data obtained 
n oceanographic studies by S.S. Vityaz, of the 
Jeeanology Institute, Academy of Sciences, 
J.S.S.R. [8], suggest a southeasterly con- 
inuation of this structure toward the Kurile- 
<amchatka trough. This feature is expressed 


m the magnetic map as well as in the adjacent 


yottom relief. The aeromagnetic data definitely 
Mdicate another major tectonic zone, the 
$hipunsk-Kirganik, traceable across a positive 
magnetic field in the middle Zhupanova course, 
the Shipunsk Cape area. This zone is traceable 
Iver most of its length at the junction of ancient 
iplifts and subsidences. The discontinuous 
qature of this magnetic anomaly is associated 
most probably with undulations in the hinge line 
of an ancient structure or with a change in 
facies which apparently is not everywhere repre- 
sented by volcanics. 


The northwesterly structural trend in the 
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Shipunsk Cape has been established by geologic 
observations, as well (V.P. Mokrousov, 1958). 
It is enhanced by the series of linear elongated 
magnetic zones, north and northeast of Shipunsk 
Cape, and by a number of volcanoes along 

the structural flanks (such as the Zhupanovsk- 
Dzenzur). Here, as in the Nachikin trough, 
volcanic structures are arranged in chains along 
ancient fault zones. The Nalycheva trough, 
adjacent in the northeast to the Ganal anticline, 
is expressed by two positive magnetic zones. A 
magnetic map of all these negative structures 
clearly shows the ancient northeasterly trend of 
folding. 


The somewhat different trend of the Tyushevsk 
trough indicates that Upper Cretaceous and 
Tertiary structures of Kamchatka have a nearly 
meridional trend in addition to the northwesterly. 


The younger northeasterly structural trend is 
Clearly reflected in major positive magnetic 
zones extending along the Central Kamchatka 
trough and in off-shore reaches of the ocean 
bottom along the northwestern slope of the 
Kurile-Kamchatka trough. These zones mark 
major faults of the Kurile trend, which control 
the distribution of young volcanic belts. The 
two southern anomalous zones coincide with sub- 
marine tectonic escarpments in the western 
slope of the Kurile-Kamchatka trough, as deter- 
mined by oceanographic studies of the Vityaz. 


Fault zones along the flanks of the Central 
Kamchatka trough and in its southern reaches 
have also been the result of the same young tec- 
tonic movements which have strongly affected 
the Kurile-Kamchatka trough region. In the 
peninsula, these movements have resulted in a 
series of superimposed northeasterly uplifts 
and troughs [7]. The northeasterly faults were 
loci of vigorous volcanism, contemporaneous 
with the formation of the Central Kamchatka 
graben and leading to the appearance of vast 
basic extrusive flows which are reflected in the 
map as broad, linear, extended positive mag- 
netic zones. 


The major fault zones are symmetric with 
relation to the young mountain system of 
Valaginsk, Tumrok, and Kumroch Ranges, 
formed in Quaternary orogenies; they appear to 
fringe this system, arranged around its peri- 
phery. 


An anomaly zone west of this system and con- 
sisting of two en echelon magnetic fields, bends 
at latitude 55°10' and duplicates the trend of the 
younger ranges. Its bend is located near the 
boundary between the Valaginsk and Tumrok 
horst ranges, which does not appear to be an 
accident. Obviously, following the formation of 
the northeasterly trending ranges, there was 
renewed movement along the ancient northwester- 
ly faults. These movements displaced individual 
blocks in both the younger mountain system and 
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in the adjacent areas of the Central Kamchatka 
trough; consequently, the anomaly zone has 
assumed its en echelon arrangement and a dif- 
ferent aspect of its northern and southern mag- 
netic fieliis. 


The eastern volcanic province, trending in 
a broad belt along the east coast of Kamchatka, 
has different magnetic characteristics in its 
different areas. -On the whole, this entire vol- 
canic belt is marked by a disturbed sign- 
changing magnetic field which becomes more 
regular at latitude 54°10', where distinct local 
anomalies mark the individual volcanic struc- 
tures (Sopkas Kronotskaya, Krasheninnikov, 
Tauschnitz, Zubchataya, etc.) while linear 
anomalies mark the long faults which served as 
feeders for magma flows. 


One such fault is particulary conspicuous 
southeast of the Tumrok Range, where it is 
marked by the Gamchen series of volcanoes 
(Konechnaya, Vysokaya, Gamchen, Schmidt, 
etc. ). Northeast from the southern volcanic 
province toward Mt. Konechnaya, there is a 
general narrowing of the magnetic anomaly, 
related to the heterogeneous structure of ex- 
trusives in the eastern volcanic zone, which is 
expressed mostly in different thicknesses and 
areal extent of the lava flows. The thickest 
lavas are concentrated in the southern volcanic 
province where the magnetic anomalies mark 
the flows proper as well as their roots, while 
the more intensive magnetic fields to the north- 
east are caused mostly by individual volcanic 
structures and faults associated with the ex- 
trusive activity. The flows themselves, be- 
cause of their smaller thickness, here, do not 
produce magnetic anomalies measurable at 200 
to 300 m above. 


Such a picture of the magnetic field may 
mean a slackened volcanic activity of the shield 
volcanoes, from southwest to northeast, inas- 
much as these very volcanoes formed the thick 
basalt lava flows in Kamchatka. The younger 
stratovolcanoes, developed in lava plateaus 
and in the calderas of ancient volcanoes, form 
large surface cones reflected in local magnetic 
anomalies, approaching isometric, rather than 
the extensive sign-changing magnetic fields of 
the southern volcanic zone, and almost entirely 
missing in more northerly areas of the eastern 
volcanic zone. 


A few words on the nature of the magnetic 
field in marginal parts of the Sredinnyy Range. 
The boundary between the ancient block and its 
fringe of younger folded structures is not ex- 
pressed in the magnetic map, in the west; in 
contrast, it is particularly well expressed in 
the east, by a series of linear magnetic anom- 
alies which mark the longitudinal and transverse 
normal faults. While only isolated areas of dis- 
turbed magnetism, associated with small and 
thin Quaternary extrusive flows, are present in 


the west, near the anticlinal structure boundary, , 
the anomalous AT zones in the east are quite 
distinct. Associated with these areas were the 
Upper Cretaceous - Paleogene volcanic phe- 
nomena localized along the extended tectonic 
zones. 


The aeromagnetic data suggest a relatively 
gentle plunge of ancient metamorphics toward 
the Sea of Okhotsk, under the younger Tertiary 
deposits in the West Kamchatka trough. 


Having set forth the principal results of geo- 
logic and aeromagnetic studies, the authors 
deem it advisable to state that their goal was 
not an exhausive description of the tectonic 
structure of this region but rather its main fea- 
tures and the close relationship between the 
geologic structure and its magnetic field. This 
is the first attempt at correlating the geologic 
and aeromagnetic data for Kamchatka. As such, 
it leaves many points as yet obscure. 
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GRANITIZATION OF METABASICS AND ROCKS OF 
THE LOWER FORMATION FROM 
THE INGULETS AREA, KRIVOY ROG! 


by 


A.I, Strygin, and M.N. Dovgan 


N.P. Semenenko [11] and Yu. Ir. Polovinkina 
[8] differentiate two complexes of granites de- 
veloped along the Krivoy Rog iron basin: the 
Kirovgrad-Zhitomir and Dnepropetrovsk-Tokva. 
They assign to the first the Saksagan plagio- 
granite developed along the eastern boundary of 
the Krivoy Rog series. These granites usually 
contact the metabasics and less commonly the 
Lower Formation rocks; their relationship with 
these two groups is still subject to argument. 


N. P. Semenenko [10] and A. P. Nikol'skiy 
[5, 6] assign a Krivoy Rog and post-Krivoy Rog 
age to the Saksagan plagiogranites, respectively. 
N. P. Semenenko's reason is the common trend 
of the Krivoy Rog folding and the granite struc- 
tures. A.P. Nikol'skiy [5, 6] infers a post- 
Krivoy Rog age of the plagiogranite on the basis 
of his study of their relations to amphibolites 
and metasandstones from the Lower Formation, 
in the Mudrenaya station area and in the Pri- 
vorotnaya ravine. 


Other students, Ya.N. Belevtsev [1], Yu. 
Ir. Polovinkina [8, 9], and M.P. Kulishov [3], 
believe that the Saksagan plagiogranites are 
pre-Krivoy Rog; they cite the lack of con- 
formity between the trend of granite structures 
and the strike of Krivoy Rog beds and the lack 
of the effect of granites on metamorphic rocks. 
The pre-Krivoy Rog age of plagiogranites was 
substantiated by the finding of pebbles of pre- 
sumably Saksagan granites in the Lower For- 
mation conglomerates. 


A number of deep tests were drilled in re- 
cent years at the plagiogranite — Krivoy Rog 
contact, in the Ingulets area (southern part of 
the Krivoy Rog iron-ore basin); they encounter- 
ed numerous remnants of metabasics and 
Lower Formation rocks, in plagiogranites (Fig- 
ure 1). These xenoliths vary in size, from test 
to test, from 0.1 m to 15 m across. 


1Granitizatsiya metabazitov i porod nizhney svity 
v inguletskom rayone krivorozh'ya, pp. 68-78. 
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Participating in the structure of the Ingulets 
area are plagiogranites, migmatites, and rocks 
of the Krivoy Rog series and the metabasic 
sequence. A detailed description of its geology 
is found in Ye. N. Yakovlev's work [1]. 


The Krivoy Rog series of the Ingulets area 
make up a narrow and steep Likhmanovka syn- 
cline whose west limb is cut off by the Likhma- 
novka thrust (Figure 1); the strike changes from 
submeridional to northeasterly and north- 
westerly. 


These rocks are underlain by metabasics 
represented by amphibolites, commonly biotitic 
and feldspatic. The metabasics range in thick- 
ness, along the strike, from 800 m (the 
Rakhmanovo village area) down to 100 m (closure 
of the Likhmanovka syncline); they are missing 
in the Ingulets mine area, except for small 
remnants in plagiogranite. 


As everywhere in the Krivoy Rog basin, 
metabasics are overlain here by the Lower 
Formation of the Krivoy Rog series. This for- 
mation is 400 to 600 m thick, in the north 
(closure of the Saksagan synclinorium) and 24 
to 40 m in the Ingulets mine area. 


The Likhmanovka syncline rocks contact gray 
plagiogranite in the east, and assorted migma- 
tites in the west, along the Likhmanovka thrust. 


Externally, the plagiogranites are gray, 
massive, fine-grained, and hypidiomorphic 
(Figure 2). In some segments, they show a 
more or less conspicuous linear arrangement _ 
of biotite and quartz. Their average mineral 
composition is as follows (in %): plagioclase 
(No. 20-25), 55 to 60; quartz 25 to 30; biotite, 
10 to 15; secondary minerals: chlorite, epidote, 
muscovite, calcite, sulfides, not over 4%, for 
the total; accessory minerals present are 
zircon, apatite, and ilmenite, a total of about 
1%. Microcline is not uncommon, usually asso- 
ciated with micro- and macrofractures. 


Plagioclase is present in relatively coarse 
idiomorphic tablets and in fine isometric grains; 
the latter, like microcline, occur in fractures 
and are somewhat younger than the tablets. 
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FIGURE 1, Cross-section of the Krivoy Rog series in the Likhmanovka syncline 
Shown in Test No. 7450 are some of the largest remnants of metabasics and 
rocks of the Lower Formation, in plagioclase, 


I - Cenozoic deposits; 2 - shales of the upper formation, Krivoy Rog series; 
3 - cummingtonite-magnetite hornfels; 4 = biotite-cummingtonite-magnetite 
hornfels; 5 = hematite-martite and magnetite rocks; 6 - biotite-cummingtonite 
schists; 7 - migmatite; 8 - the talc horizon rocks; 9 « plagiogranite; 10 - 
quartzite and schist of Lower Formation, Krivoy Rog series; 11 - amphibolite 
(remnants in granite). 
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FIGURE 2, 


Hypidiomorphogranular plagiogranite 


Thin section, 20 X, Nicols crossed, 


Quartz and biotite form more or less coarse 
accumulations among the plagioclase bodies. 
The refractive indices for biotite, determined 
by the immersion method for 8, range from 
1. 633 to 1. 640. 


In mineral composition, accessory minerals, 
textural and structural features, and occur- 
rence, the Ingulets plagiogranite is correlative 
with the Saksagan granite. A comparison of 
chemical analyses (Table 1), numerical char- 
acteristics (Table 2), and the composition pro- 
jection diagram (Figure 3) for the two, also sug- 
gests their similarity. The main feature of the 
two granites is their lower silica content and a 
higher content of titanium, iron, and alkaline 
earth minerals. 


As mentioned before, the granites carry 
remnants of rocks from the Lower Formation 
and the metabasic complex which have fairly 
sharp contacts and irregular in-and-out out- 
lines. At its contact with metabasic inclusions 
the granite is enriched in biotite and ilmenite 
and in places carries xenomorphic hornblende 
crystals. 


The metabasic remnants are represented by 
hornblendic, less commonly actinolitic varieties 
of amphibolite (Figure 4), showing various 
degress of schistosity. At the granite contact, 
the amphibolites are commonly feldspathic and 
altered to plagioclase-biotite schist. 


In their structure and texture, as well as in 
mineral composition, amphibolite remnants in 
granite are similar to amphibolites underlying 
the Lower Krivoy Rog formation. This 
similarity is corroborated by their chemical 
analyses (Table 3) and numerical characteristics 
(Table 4), as compared with A.N. Zavaritskiy's 
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diagram of the compositions projection (Figure 
2) 


The absence of the metabasics in the Ingulets 
mine, except for their altered remnants in 
granite, suggests that the metabasic complex 
has been replaced here by granite; this may 
explain the above-mentioned peculiarity in the 
chemical composition of the granite. At the 
Lower Formation contact, the granite locally 
is reminiscent of gneiss, but most frequently 
of ''shadow" migmatite; they carry remnants of 
quartz-muscovite and muscovite-biotite schists, 
locally quartzitic. The transitions from 
schist to gneiss and from gneiss to granite are 
usually so gradual as to render it difficult to 
determine the true nature of the rock. 


The principal minerals of the gneisses and 
migmatites are plagioclase, quartz, biotite, 
occasionally muscovite, with subordinate micro- 
cline; in places garnet, tourmaline, staurolite, 
andalusite; the accessory minerals are the 
same as in the Lower Formation. 


Plagioclase is represented by oligoclase No. 
20-25, locally by albite No. 5, and forms rela- 
tively large incrustations arranged along the 
bedding and schistosity, by replacing quartz — 
and muscovite (Figure 5). Present along with 
the porphyroblastic variety is fine-grained 
plagioclase with isometric outlines. 


Microcline occurs usually in fine-grained 
intergranular segregations, in microfractures, 
and in metasomatic formations on plagioclase. 
Judging from the fact that microcline and fine- 
grained plagioclase cut the oligoclase incrusta- 
tions, they are somewhat younger than the 
latter, having been caused by intramineralization} 
shifts. 
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Table 1 
Chemical analyses of granites (by weight %) 
Granite, migmatite, gneiss with 


remnants of the Lower Formation 
_ rocks (analysis nos.) 


Granite with 


Oxides amphibolite remnants Saksagan granite! 


a 3 3 = 
(analysis nos. ) isles g g B g Graniteteradite (analysis nos.) 
§ 
1 2 3 4 5 6 7 
SiO, 66.16167.64 69.00) 69.40} 67.30) 67.56/68.53/69.26) 66.00] 75.40/69.92] 68.30] 72,74 
TiO, | 0.80) 0.28) 0.42) 0.36] 0.46) 0.24] 0.33] 0.58] 0.46] 0.09] 0.17] 0.34] 0.44 
AlgOs [14.24/44.90)14.79| 16.42) 44.74] 16.76/15.48]14.40) 45.13] 42.50/15.04] 48.48] 14.87 
FesOs | 0.64) 1-65) 1.40) 4.02} 0.44) 4.46] 4.51] 0.70] 0.35] 0.70] 4.64] 4.63] 0.44 
FeO 4.91} 3.73) 2.83] 2.74) 4.65) 2.58) 2.58] 4.13) 4.39) 2.20] 2.01] 2.43] 1.72 
MnO | 0.05) 0.05) 0.04] 0.06} 0.07] 0.04) 0.06] 0.05] 0.08] 0.02] 0.06] 0.05} Trace 
MgO | 2.60) 2.21) 1.90] 1.08) 4.88] 4.90) 1.94] 2.30] 4.73] 0.65} 0.72] 41.09) 1.44 
CaO | 2.35) 1.77) 1-65) 2-56) 2.60) 0.42) 2.31] 1.00} 3.30} 2.05) 2.80) 2.84) 0.70 
Na2O | 4.48) 4.66] 4.26) 4.59) 5.20) 3.50) 4.29) 4.37} 4.54] 5.10) 4.40) 2.98) 5.83 
K20 | 4.97) 4.65) 4.24) 4.22) 4.64) 2.50] 1.56] 2.03] 4.49] 0.80] 1.66) 41.12) 41.47 
P.O, | 0.19} 0.44] 0.43) — 0.419} 0.44} 0.44] 0.10) 0.12} 0.04) 0.06; — 0.02 
O2 0.18] 0.26) 0.44], — 0.26) — | — | 0.44] 1.44) 0.36) —] — _ 
Lon tctal,| 0.03] 0.08] 0.011 — | 0.04] 0.22] 0.09} 0.03} 0.02} 0.04, —| — | — 
) heating | 1-40| 0.74) 1.57) 0.96) 1.44) 2.45) 0.99) 1.52) 4.48) 0.42) 4.32} 0.70) 0.97 
bay! — | 0.09) — 0.22) — 0.04) 0.08) —} — — | 0.02} 0.18) 0.02 
| Ne a | Oe) PO ee 1: 9ot SS [O14 
All others} 0.02} — | — _ -- — — —]} 0.04; 0.06) — — —_ 


Z —199.63/99.82}99.35]100.33]100. 49]100. 78/99. 78/99. 78/100. 21/100. 43/99 . 61/100. 11/100.4 2 


1411 analyses by the Laboratory of the Ukrainian Geologic-Eploration Trust and Institute of 
Geol. Sciences, Academy of Sciences Ukrainian S.S.R. 
| 2Analyses 11, 12, 13 are after Ya.N. Belevtsev [1]. 


Table 2 


Numerical characteristics of granite, after A.N. Zavaritskiy 


Numerical characteristics 
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9! 2.8 | 40.6 | 22.8) 4.3 | 10.8 | 44-4 | 48.4 | 76.2] 0.91 | 5.4] — 
vs aa 5:0 | 44.3 | 22.4 | 6.0 | 26-2 | 32.0 | 44.8 | 81.4 | 0.36 |12.2) — 
3 | 76.2 | 10.8| 2.0 } 41.0 | 28-6 | 5.4 | 38.9 | 27.6 | 33.5 | 83.5 | 0.43 | 10.5) — 
5 | 7:8 | 44.6| 8.5] 2.4 | 29.8] 5.5 | 39.4 | 24.2 | 39.4 | 85.0] 0.4 | 9.4 ok 
g | 74.2 | 13.3] 2.8| 9.7| 19.0] 4.8] — | 28-4 | 44.6 | 83-1 | 0.54 0.68 27. 
8 | 72:7 | 10.7| 0.5 | 46.4 | 23.7 | 23.9 | 59.6 | 18.8 | 21.6 | 68.4 | 0.26 2 ii 
71 76.6 | 14.3] 2.8| 9.6 | 27-4| 4.2 | 30.8 | 32.2 | 37-0 | 80.7 | 0.35 /12.3) — 
8174.7 | 12.0] 4.2] 42.4 24.4 10.0 31.8 31.8 36-4 79.2 0.6, 4.5], 
9 | 74.5 | 41.9| 4.0] 9.6 | 20. ‘Ony-— ; ' 0 | 0.54 | 3-5 28.2 

‘a1o4] 5.4| 36.1] 5.7] — | 18.8 | 45.9 | 90.4 | 0. "4(35. 

a iy ine ee 6.4 | 32.5 3-4 30.2 18.2 51.6 79.5 0-4 21.5 re 
: "91 2.9| 7.3 | 25.4 : : , : : : nla 
133 os 12 3.3 | 44.4 | 32.5 | 2.3 | 63.9 | 11.8 | 24.3 | 80.0) 0.3 | 9.1 
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FIGURE 3. Diagrammatic projection of the composition of plagioclase 
amphibolites, after A.N. Zavaritskiy. 

1 = analyses 1-10: granite from the marginal zone of the massif, in the 

Ingulets mine area; 2 = analyses 11-13: Saksagan granite; 3 - analyses 22-24: 


metabasics from the east limb of the Likhmanovka syncline; 4 - analyses 14- 
21: metabasics from remnants in granites of the Ingulets mine area. 


Biotite and muscovite form either fine and 
broken partings or else clusters oriented with 
the bedding. 


In both the granitized rocks and mica schists 
of this zone, quartz occurs in lenticular or 
"“augen" bodies and is marked by its coarser 
grain. The chemical composition of these 
rocks corresponds to that of granite (see Table 
1, analyses 6-8). 


Rocks of the "shadow" migmatite and gneiss 
type constitute a gradual transition from granite 
to schist in the remnants, as well as to the 
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Lower Formation schist and quartzite. Thus, 
the contact between the granite and the Lower 
Formation rocks, in the Ingulets mine, is not 
sharp, being represented by a zone of granitized 
rocks, several tens of meters thick. 


Schist and quartzite in remnants within this 
zone, and those from the Lower Formation not 
affected by granitization, are characterized by 
the same mineral composition and textural and 
structural features, and are described together. 
Quartzites are rather rare in the Lower Forma- 
tion of the Ingulets mine, where they occur as 
intercalations and layers, from 5 to 10 cm to 
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FIGURE 4, Plagioclase-hornblende metabasics with 
ilmenite inclusions. 


Thin section, 43 X, single Nicol. 


»veral meters thick. In addition to quartz, The principal schist minerals are quartz, 
ese quartzites often carry sericite and muscovite, and biotite, with common staurolite, 
{uscovite and occasional metasomatic forma- . garnet, tourmaline, and amphiboles, and less 
ons in veinlets and spots of a garnet-clino- common andalusite. Accessory minerals include 
yroxene Composition, with titanite and plagio- ilmenite, zircon, sphene, apatite, and sulfides. 
ase. These quartzites are granoblastic 
jigure 6). Quartz in schist forms thin granoblastic 
Table 3 


Chemical analyses of amphibolites (in % by weight) 


Amphibolite from the 


d Ampbhibolite from remnants in granites metabasic complex! 
of the Ingulets mine area (analysis nos.) 
xides 

eerie (19 it 18! -]—19-|—20-—|— 21 2 | 23 | 2 


SiO 48.60) 47.70] 55,64) 49.16 | 56.80} 48.00) 50.19) 45.80) 53.00 


57.67 51.36 
Ti ; 2.80] 1.29} 1.21 | 1.49] 4.40) 1.07) 2.49} 4.46] 14.29] 0. 
lac Gs 44.414] 14.46] 43.44 145.20] 15.90] 14.44] 43.79] 44.76] 12.48] 45.29 
IFe.O, | 3.401 5.00| 2.35 3.71 | 0.64| 3.70] 3.03| 7.80| 5.54 3-52] 1.03 
FeO | 44.07] 43.81] 8.06| 13.07 | 8.78] 14.36] 13.24] 43.20] 41.59] 9.00] 7.29 
“MnO | 0.17] 0.24] 0.19] 0.20 | 0.40] 0.49] 0.43] 0.444 — | 0.45 0.19 
MgO 7.40| 5.631 4.90| 6.89 | 5.85] 6.00| 8.63] 6.79] 3.38] 2.60] 7.9 
CaO 6.25] 8.25] 6.35 8.02 | 2.85] 9.00) 1.95} 4.30} 7.91) 5.42] 9.48 
Na.O 4.49| 2.40| 3.40/ 1.30 | 3.20] 41.94] 1.96] 2.92) 3.34] 3.54 4.12 
K.O 4.16] 0.62} 14.35| 0.80 | 1.90] 4.46] 1.57| 41.43] 4.68] 41.84] 4.2 
CreO3 0.01] 0.04} 0.01 as 0.04] 0.01) —. ei co oF 
V20; 0.06] 0.06 0.02 hae 0.05 0.04 ree oe : 
s .29} 0.28] 0.24 i é ee : el i — — 
oe palit ospetenad oe 0.22] 0,75] 0.29) 0.20) — | — |.— 
Stotal 0.76) 0.47} 0.44 — : — — — — —_ 
pees i ‘ 0.93} 0.74] 4.44 
ane 4.23) 0.94 1-56) a 2.22 1.06 ae 1.28 0. ee. 
O; 4.90) 1 3 | 0.49 i a) oleae i— | — = 


99.82 |100.16 


1 analyses 22, 23, and 24, after I.S. Usenko [12] 
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Analysis 
Nos 
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Table 4 
Numerical characteristics of metabasics, after A.N. Zavaritskiy 


Numerical characteristics 
De EE eee 


principal supplementary 
S a c 6 Q a a’ m’ | fg n t r c’ 
55.2 | 4.8] 5.0] 35.0 43 0.96); — 34.5 | 44.7 | 65.8 | 3.4 7.1 | 208 
54.7 | 5.3] 4.6 | 35.4 | —5.8) 1.2 a 25.8 | 47.8 | 85.0 | 4.4 41.5 | 26.4) 
61.9 | 9.4 | 4.7 | 24.3 0.7) 1.9 — 32.7 | 39,0 | 79.0 | 1.7 7.8) 28.2 
58.4 | 4.0] 7.0 | 30.6 4.4) 0.57 — 38.7 | 54.8 | 70.0 | 1.79 | 10.4; Gag 
65.4 | 9.0 | 3.6 | 22.0 8.8) 2.5 15.9 | 44.4 | 39.8 |] 72.2 | 1.96 | 2.44; — 
57.5 | 6.1 | 7.9] 28.5 , —5.4! 0.9 — 56.9 | 51.3 172.0 | 2.2 41.3 | 43s 
54.7} 8.6, 5.4 | 34.6 |—12.9) 1.7 — 36.9 |.62.3 | 75.8 | 3.8 21.31 Ge 
55.4 142.7 | 2.2 | 29.7 |—16.8| 5.8 3.9 | 46.9 | 49.2 | 65.9 | 1.6 8.9| = 
60.3 | 9.3 | 3.4 | 27.3 | —1.1] 3.0 _ 20.5 | 55.9 | 75.7 | 1.9 | 26.9] 238 
66.9 {10.3 | 3.4 | 19.7 40-4) 3.3: = 22°56 12.5954.) 74.6 |) 4.6 15.2 | 4aaG 
57.4 |10,.6 | 4.6 | 27.4 |—11.0} 2.3 _ 46.9 | 27.4 | 82.5 | 0.8 2.9 | 26 


Table 5 


Chemical analyses of schists (by weight %) 


| 
Schist and micaceous meta-sandstone Remnants of schist and micaceous 
of the Lower Formation (analysis nos.) quartzite in granite (analysis nos.) 
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: FIGURE 5. Newly formed oligoclase in quartz-mica schist, 


| 


Thin section, 32 X, Nicols crossed, 


FIGURE 6. Microgranoblastic quartzite with microcline inclusions. 


Thin section, 20 X, Nicols crossed, 


FIGURE 7. Staurolite-mica schist with lenticular quartz inclusions. 


Thin section, 20 X, Nicols crossed, 
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intercalations, often differentiated into lenses 
(up to 1 cm), thus lending the schists an "augen" 
aspect (Figure 7). Biotite and muscovite occur 
together, in intercalations showing constrictions 
and swellings. The muscovite is developed on 
biotite, with the most intensive muscovitization 
occurring in feldspathic schist and at the con- 
tact with granitized rocks. 


Garnet and staurolite form idioblastic grains 
usually associated with micaceous intercalations. 


The schist structure is lepidogranoblastic 
to "augen'’. Schist from remnants in granitized 
rocks and from the Lower Formation have 
similar mineral composition, textural and 
structural features, and the similarity corrob- 
orated by chemical analysis (Table 5). 


The Lower Formation rocks from the In- 
gulets mine differ from similar rocks in other 


Granite, Amphibolite, Amphinolite, Granitized Granite, 
Test No. schistose, Test 7459, Amphibolite, Test 7450, 
7450, Test 7450, Anal, 14 Test 7450, Anal. 1 
Anal, 2 Anal, 17 Anal. 1 

FIGURE 8, Change in the composition of amphibolite, 


in granitization (after T. Barth) 
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areas by their coarser scales of mica minerals ; 
in feldspathization, muscovitization of biotite; 
the presence of staurolite, andalusite, clino- : 
pyroxene; and by "augen"” structures. The higha 
degree of metamorphism in the Ingulets mine 
is characteristic also of rocks of the iron-ore 
formation, as noted by many students [1]. 


This stronger metamorphism is obviously 
related to granitization. The gradual and im- 
perceptible transition from granite to granitized: 
rocks, together with the similarity in mineral 
composition and the presence of remnants of 
replaced rocks, may indicate that the granites 
are a final product of the replacement process 
of greenstone and Lower Formation rocks. 


The replacement of metabasics and schists 
of the Lower Formation was accompanied by 
considerable ionic migration. For a graphic 
illustration of this migration, the chemical 
analyses of rocks have been converted by the 


Quartz-mica Granite, Mica schist 
schist, Test Test 7475, with stauro- 
7475, Anal. Anal. 6 lite, Test 
30 7450, Anal. 
32 
FIGURE 9. 


|. Barth method and are represented in a 
fagram (Figures 8, 9). 


| Inasmuch as the most strongly metamorphosed 
j.rivoy Rog rocks are associated spatially with 
jranitization segments, and because of the 
/Ommunity of folded structures in metamorphic 
/0cks and the linear textures of plagiogranite, 

i can be assumed that the folding and meta- 
jorphism of the Krivoy Rog series were con- 
/emporaneous and interrelated with the for- 
Nation of the Ingulets granite. 
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SUBALKALI VARIETIES OF SIBERIAN TRAPROCK IN 


THE BOL’SHAYA BOTUOBIYA BASIN 
(RIGHT TRIBUTARY OF THE VILYUY)? 


by 


V.V. Yudina 


INTRODUCTION 


_ During recent years many publications on 
ibalkalic varieties of pyroxene teshenite-type 
‘aprock have appeared. According to some 
cudents [1, 2, 18], deposits of iron and Iceland 
Jar are associated with them. Opinions differ 
3 to the origin of these rocks; e. g., crystalli- 
ation Out of a special alkalic branch of differ- 
atiation [10] versus the crystallization of a 
‘agma contaminated at depth, or in situ [1, 

3]. With such a state of affairs, we believe 


vat the data presented here will be of some in- 


; 


‘rest, insofar as it traces the development of 
definite province of traprock magmatism and 
e place of some, however few, varieties of 
ibalkalic rocks in this process. 


This material was gathered by the author 
iring a geologic survey and special studies in 
e basin of the Bol'skaga Botuobiya River (right 
libutary of the Vilyuy), in 1955-1956 and 1960. 
ome of the chemical analyses have been taken 
om data by V. P. Ledneva (V.S. E. G. E. I.) who 
irried out a special field survey along the 
)l'shaya Botuobiya. 


I. GEOLOGIC STRUCTURE 


| The area under study is located in the eastern 
irt of the Siberian platform, at the junction of 
'O noncontemporaneous platform structures: 

e early Paleozoic Angara-Lena trough [4] and 
e late Paleozoic Tunguska synclise. Gently 
pping Lower Ordovician deposits are developed 
sre (Figure 1) represented by assorted lime- 
one, dolomite, marl, and calcareous sand- 
one, with a total thickness of about 200 m. 

1ey are overlain by thin continental Lower 
‘rmian formations: sandstone with conglomerate 
nses, shale, and sandstone, with a visible 
iickness up to 60 m. Both sections are cut by 
aprock intrusions, mostly sills, and are 


1subshchelochnye raznovidnosti Sibirskikh trappov 
basseyne r. Bol'shoy Botuobii (pravyy pritok r. 
lyuya), pp. 79-97. 
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overlain in turn by Lower Jurassic sands, sand- 
stone, and conglomerate. 


Occurring in a comparatively narrow band 
along the middle Bol'shaya Botuobiya course is 
a north-northwesterly trending fault zone, the 
south terminal of the Akhtaranda zone of crush- 
ing [10]. It is associated with the eastern 
margin of the Tunguska synclise, and is char- 
acterized by multiple crushing stages, intrusive 
activity, of long duration and intensive hydro- 
thermal mineralization. It is here that our 
subalkalic traprocks are developed; for this 
reason, the present exposition deals mostly 
with its igneous and metasomatic formations. 
At least two phases of faulting, accompanied by 
igneous and postmagmatic phenomena, are pre- 
sent in this area. 


The earliest faults, trending mostly north- 
west and often showing a considerable displace- 
ment of sedimentary blocks, were feeders for 
the traprock magma. Formed at that time were 
sills and more complex bodies, often strongly 
differentiated, showing evidence of an active 
intrusion of magma (drag folds in the enclosing 
rocks, the presence of numerous xenoliths and 
remnant blocs). These intrusions, now con- 
solidated, were crushed by subsequent faulting. 
The traprocks show zones of extremely strong 
shearing, cleavage planes, and slickensides. 
The displacement in faulting further complicates 
the correlation, what with the faults trending 
northwest and northeast. Associated with this 
phase of faulting was the intrusion of small 
cutting bodies of amphibolitic subalkalic dolerite, 
locally amygdaloidal and autobrecciated, and 
cutting the sill-like intrusions. 


The next phase of endogenetic activity, 
possibly accompanying a new phase of crushing, 
was the penetration of considerable volumes of 
hydrothermal solutions along fracture zones in 
the traprocks, the enclosing rocks, and along 
the intrusive contacts, with a vigorous meta- 
somatism, in traprocks, as well as in the sedi- 
ments. The traprock was altered to metasomatic 
teshenite-dolerite; this was followed by graniti- 
zation and then by the formation of magnetite, 
serpentine, and calcite rocks. The sedimentary 
rocks, too, were metasomatized. 
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FIGURE 1. Geologic map of the middle course of Bol'shaya Botuobiya River 
(by N.V. Kind, M.P. Metelkina, and V.V. Yudina; supplemented by V.V. Yudina) 


1 - Lower Jurassic sandstone, gravel, and conglomerate lenses; 2 - Lower Permian 
sandstone, silty shale, conglomerate lenses; 3 - Lower Ordovician dolomite, 
odlitic limestone, stromatoliths, sandstone; 4 - undifferentiated traprock sills 
of an early stage; dolerite, porphyritic microdolerite; differentiated in- 
trusions of later stages; 5 - stratified sills: dolerite, pegmatitic dolerite; 

6 = cutting bodies of subalkalic dolerite, often amygdaloidal; metasomatic rocks; 
7 - metasomatic teshenite-dolerite and apodoleritic skarn; 8 - skarn rocks 0} and 
Pa 9 = known faults; 10 = assumed faults. 
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Thus, traprock development in this area 
roceeded as follows: 


: 1. Undifferentiated intrusions of an early 
age, largely sills in the gently dipping upper 
ad lower Paleozoic deposits. 

‘ 2. Differentiated younger intrusions associ- 
“ed with the Botuobiya stage of crushing, and 
eir culminating postmagmatic activity: 1) 
‘Yatified intrusions; 2) small cutting bodies of 
itobrecciated amygdaloidal subalkalic dolerites 
id amphibolic subalkalic dolerites with rhombic 
7roxene; 3) the formation of metasomatic rocks 
id hydrothermal veins. 


Il. UNDIFFERENTIATED EARLIER 
INTRUSIONS 


| These intrusions, largely sills, crystallized 
it of a dry'' magma, are quite common here, 
3 everywhere else in the Vilyuy basin. Their 
ickness ranges from 20 to 120m. They con- 
‘st of quite monotonous dark-gray medium- to 
ne-grained normal dolerite. Zones enriched 
| magnesial olivine are commonly present at 

e base of the thickest bodies. The tempered 
2riphery of these sills is made up of dense 
yptocrystalline microdolerite. Sills in lower 
uleozoic stratified shale-carbonate sections 

‘e marked by their large areal dimensions, 
*gular form, and a small thickness of tempered 
bynes (1.5 to 3.0 mm). Intrusions in Lower 
*ymian areno-argillaceous rocks are irregular 
id inconsistent. Their tempered zones are 10 
15 mm thick. 


| Dolerites of the undifferentiated intrusions 
‘e largely poikilodéphitic to ophitic, with in- 
irsertal and troctolithic segments, and a fairly 
»mmon glomero-porphyritic texture. Basic 
Solas (early precipitation of bytoxnite No. 
-89, and laths of labradorite No. 56-75 in the 
‘oundmass) accounts for 50 to 60% of the rocks; 
onoclinic pyroxene-pigeonite, 20 to ae (10); 
En -Fs19-15 (y= 1.719 to 1. 720; a= 
679 e178 2: Lape 48 to 52°; cy = 35 to 41°). 
livine Fa20-40 (-2V = 82-88°) accounts for 3 
6%, and up to 14% in troctolite varieties. 


The ore mineral, titanomagnetite, is present 
an amount up to 3%. Accessory apatite is 
“esent in small amounts. Vitreous ground- 
ass is rare, being replaced usually by sec- 
idary minerals. 


'Porphyritic microdolerites are represented 
*melanocratic porphyritic rocks with a taxitic 
‘oundmass (in places showing flow structure). 
aey carry an abundance of fine xenoliths of the 
iclosing sedimentary rocks and clastic grains 
quartz and feldspar. Incrustations, account~- 
g for 20 to 30% of total rock are represented 
‘basic plagioclase (No. 78-80), olivine, and 
ss commonly by monoclinic pyroxene, 
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plagioclase, ore mineral, and volcanic glass. 

In chemical composition, the normal! dolerites 
correspond to the intermediate traprock type of 
the Tunguska synclise [7]. Alterations in sedi- 
mentary rocks contacting them are slight, con- 
sisting in compaction and burning, with the silt- 
stone and sandstone commonly turned to buchite. 


Ul. DIFFERENTIATED INTRUSIONS OF A 
LATER STAGE, METASOMATIC AND 
HYDROTHERMAL FORMATIONS 
ASSOCIATED WITH THE 
BOTUOBIYA ZONE OF 
CRUSHING 


1. Stratified Sill-Like Intrusions 


As pointed out before, these intrusions 
penetrate mostly the northwesterly fault zones. 
Establishing the number and form of these 
bodies presents considerable difficulties; apart 
from their original somewhat sinuous form, the 
subsequent dislocations broke them up into seg- 
ments displaced relative to one another. For 
instance, the top of an intrusion exposed at the 
mouth of the Kuchchuguy~Yt-Elbyut creek oc- 
curs at about 50 m on the right bank, as against 
about 20 m on the left. 


Three sills can be identified, more or less_ 
tentatively, in the middle course of the Bol'shaya 
Botuobiya: one, between the mouths of Kuch- 
chugay-Yt-Elbyut and Kuchchugay-Chaydaakh 
creeks; the second, between Orto-Chaydaakh 
and Ulakhan-Chaydaakh creeks; and the third, 
north of the mouth of the Ulakhan-Chaydaakh, 
as far as the Mugur-Chaydaakh. 


The thicknesses of these intrusions are dif- 
ficult to estimate; however, they do not appear 
to exceed 70 or 80m. Their structure is quite 
similar. They are dark-gray coarse-grained 
poikilodphitic dolerites, with troctolitic dolerites 
carrying bytownite incrustations, at the base. 
The visible thickness of this unit is not over 8 m. 
Lenticular bodies of coarse-grained gabbro- 
dolerites with quartz and fine biotite scales in 
the groundmass are present in its middle part. 
Small sections (1 x lm) of light-colored coarse- 
grained quartz gabbros with titaniferous pyro- 
xene and a higher titanomagnetite content have 
been also observed in the northernmost in- 
trusion. 


Developed in the top of these intrusions are 
fine- to very fine-grained dolerites, locally 
amygdaloidal, up to 10 m thick. Their round 
amygdules, filled with actinolite, analcite, and 
zeolites, are usually small and unevenly dis- 
tributed. All three intrusions are marked by 
the presence of xenoliths of strongly altered 
stratified sedimentary rocks, either in nearly 
isometric chunks or in elongated stacks of 
layers. They very in size from small (1 x 2, 
4x5 m) to large (30 x 40 m) and gigantic 
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(110x 10m). Their stratification is usually 
strongly disturbed by microshifts; in some in- 
stances the entire body of strata is strongly de- 
formed, bent, and partly broken up. 


All intrusions have been markedly crushed, 
with the formation of linear zones trending north- 
west, meridionally, less commonly northeast; 
within these zones, the dolerites are finely 
schistose and altered by the latest solutions to 
granitic, serpentine, and calcitic rocks. These 
zones are accompanied by trains of leucocratic 
metasomatic teshenite-dolerite with an extreme- 
ly diversified structure and with pockets and ac- 
cumulations of large crystals of aegirine- 
diopside, apatite, analcite, and radial zeolites. 


All sill rocks belong to the normal series of 
crystallization differentiation of traprock mag- 
ma. (Metasomatic teshenite-dolerites are not 
described in this chapter. ) 


Troctolitic dolerites are greenish-gray, 
dense, fine- to medium-grained rocks. Con- 
spicuous in the smooth block surfaces are 
lustrous cleavage planes of large plagioclase 
bodies, up tol cm. These are glomeropor- 
phyritic growths of zonal proto-anorthite (No. 
93-71). The dolerite groundmass is poikilo- 
Sphitic; it consists of labradorite-bytownite No. 
70, magnesial monoclinic pyroxene Wo4gEn45 50 
Fs}0Q-15; and magnesial olivine Faj7-96 (-2V = 
82-89"). The content of the latter reaches 25%. 
For the chemical analysis of this rock, see 
Table 1, sample 3167. 


The coarse-grained poikilodphitic dolerites 
are dark-gray massive rocks made by large 
oikocrystals of monoclinic pyroxene Wo4gEn4g 
F290 (y = 1. 718; a= 1. 688; +2V = 50-52°; cy = 
42-44°) with numerous ingrowths of plagioclase 
laths, large grains of olivine Fa4g (-2V = 78- 
89°), also grown through by plagioclase and ir- 
regular bodies of titanomagnetite. 


These rocks almost always carry rhombic 
pyroxene-bronzite with 22-25% Fs (-2V = 66- 
69°). Their chemical composition is given in 
Table 1, sample 2. 


Gabbro-dolerites with quartz and biotite in 
their groundmass are coarse- to large-grained 
gabbroophitic rocks, mostly free of olivine. 
They consist of tabular basic plagioclase (No. 
85-90, in tabular crystals of the first genera- 
tion, and No. 52-70 of the second generation 
laths) and monoclinic pyroxene Wo4oEng5F 835 
(y = 1. 730-1. 735; a@ = 1. 692-1. 699; +2V = 48°; 
cy = 46°), always with ferrohypersthene Fs45 
(-2V = 58°) in fairly coarse (up to 2 mm) pris- 
matic crystals almost completely replaced by 
actinolite. The rare pseudomorphs on olivine 
consist of serpentine, talc, and magnetite. The 
interstices are filled with finely-scaled green 
biotite and xenomorphic albite, anorthoclase, 
and quartz. The groundmass accounts for about 
5% of the rock. A chemical analysis of sample 
4153" is given in Table 1. 
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The quartz gabbros with titaniferous pyroxens 
are light-gray coarse-grained pegmatitic rocks . 
consisting of plagioclase, monoclinic pyroxene, . 
ore mineral, and quartz. Their plagioclase is 
andesine No. 45-48, in coarse (up to 8 mm) 
tabular crystals with their margins replaced by ' 
albite No. 8-10 and fine-scaled chlorite. The 
monoclinic pyroxene occurs in long prismatic 
idiomorphic crystals, 5 to 6 mm, brownish wit 
a violet hue (y = 1. 727; a= 1.699; +2V = 58°; 
cy = 50°). Judging from its optic constants, this 
pyroxene carries up to 15% CaTiAl206 [17]. It 
is replaced in fractures by green and light - 
brown biotite; along margins by fibrous actino- 
lite accompanied by finely dispersed ore min- 
eral. The ore mineral is titanomagnetite in 
regular square crystals, 0.5 to 0.7 mm, with 
numerous inclusions of plagioclase and less 
common sphene. Quartz is present up to 10%, 
as irregular grains in the interstices. There _ 
are pegmatitic growths of quartz and albite. Th 
rock also contains apatite and sphene. Its chem 
ical analysis is given in Table 1, sample 41534. 


Rocks of marginal facies are represented 
usually by fine- to very fine-grained dolerites, 
in places amphibolitic and chloritic, occasion- 
ally with an amygdaloidal texture. 


Present in the outer contacts of sills are zone, 
of metasomatic alterations of argillaceous-car- ° 
bonate rocks, up to 10 m thick. Rocks in the 
xenoliths have been similarly altered. Present 
here are diopside-albite and albite-epidote 
rocks, assorted skarns, pyroxene-garnet, gar- 
net-serpentine-magnetite, as well as serpentine 
and calcitic rocks. 


2. Small Cutting Bodies of Autobrecciated 
Amygdaloidal Subalkalic Dolerites and 
Amphibolitic Subalkalic Dolerites with 

Rhombic Pyroxene 


The greatest concentration of these bodies he 
been observed on the right bank of the Bol'shaya 
Botuobiya, between Kuchchuguy- and Ulakhan- 
Chaydaakh creeks (Figure 1). The several ex- 
posures in the bank reveal their structure and 
relations to the enclosing rocks. 


Exposed in the right bank, 7 km below Khay- 
laakh Creek, is a cutting body 14 m thick, oval 
in plan. It cuts an inclined sill of coarse-graine 
dolerite, and is made up of dark green-gray 
breccia-like amygdaloidal dolerite (Figure 2). 
This rock is extremely heterogeneous in textur 
it is locally unconsolidated, friable, and full of 
amygdules, up to 1.5 cm; in other places it is 
dense, free of amygdules, with aphanitic, fine- 
to very fine-grained segments. (These varietie 
contain small xenoliths of coarse-grained doler7 
ite from the enclosing intrusion. ) The entire | 
rock body is broken up by a dense network of 
fractures filled with calcite and zeolites; the 
surfaces of open fractures show a crust of 
greenish-brown garnet crystals. Present in thet 
upper part of the amygdaloidal rock outcrop is 
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A cutting body of amygdaloidal dolerite. 


1 - dolomite and marl 0); 2 - skarn rocks 0]; 3 = porphyritic microdolerite of 
the tempered zone; 4 - coarse-grained poikilodphitic dolerite; 5 - brecciated 
amygdaloidal dolerite; 6 - garnet skarn in amygdaloidal dolerite. 
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A cutting body of brecciated amygdaloidal dolerite. 


] - tuff; 2 - brecciated amygdaloidal dolerite; 3 - sandstone P}; 4 - garnet 
| skarn; 5 = banded hornfels; 6 = microdolerite from the tempered zone; 7 - 
medium-grained analcitic dolerite; 8 - altered tuff. 


small segment, 0.7 x 0.8 m, of a green-gray 
ne-grained serpentine-garnet rock with relicts 
‘very fine-grained dolerite. 


_ The mandelstein contacts with the enclosing 
dJarse-grained dolerite are quite intricate, 
ith the mandelstein forming numerous apophy- 


2s. 
. 


A similar but larger body is exposed 1.5 km 
ownstream, in the left bank (Figure 3), with 

ie enclosing rocks much broken up. These are 
locks of Lower Triassic stratified tuffs,? and 
ower Ordovician carbonates, brought up to the 
ame elevation by faulting. 


The cutting body forms a large columnar 
dge in sandstone and tuff (60 m high, rounded 
1 plan, 40 m diameter), sending off a number 
* small apophyses into the crushed sandstone 
id altered carbonate rocks. The rocks of this 
itrusion are extremely heterogeneous. The 
ylumnar ledge is made up of dark purple-green 
recciated aphanitic mandelstein changing down- 
ard to fully crystalline varieties, also full of 
nygdules, and then to medium-grained sub- 
kalic dolerites. Present in the mandelstein is 
fairly large xenolith of altered tuff, 7 x 16 m. 


2The tuffs occur only in this area and are not 
entioned in the general description. 
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All these rocks are cut by numerous fractures, 
some showing growths of diopside and garnet 
crystals on their walls, with the middle parts 
full of zeolite, analcite, and calcite veinlets. 


The cutting bodies made up of fully crystalline 
varieties are exposed in the right bank, 5 km be- 
low Kuchchuguy-Chaydaakh Creek. They are in- 
truded into the crushed and displaced Ordovician 
dolomites and Permian sandstones and cut the 
sills. These bodies, unlike those described 
above, have rectilinear vertical to inclined con- 
tacts with the enclosing rocks. They consist of 
green-gray medium-grained amphibolitic sub- 
alkalic dolerites with rhombic pyroxene. Pre- 
sent at their top are zones of breccia-like 
mandelstein, up to 3 m thick. 


These cutting bodies are made up of dolerite, 
with various degrees of crystallization but with 
common features. They contain postmagmatic 
analcite and a considerable number of autometa- 
somatic minerals, including the aegirine-carry- 
ing pyroxene. This permits their assignment to 
the subalkalic group, although their sodium con- 
tent is rather low. 


The amygdaloidal autobrecciated porphyritic 
microdolerites are purple-black rocks with a 
diversified texture. Under the microscope, 
they are taxitic, showing alternating vitreous to 
better crystallized segments, the latter com- 
monly reminiscent of fragments. This rock is 
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porphyritic, with the groundmass doleritic, 
hyalophilitic, to cryptostructural. Its incrusta- 
tions are represented by plagioclase most of 
which has been replaced by isotropic analcite. 
The groundmass is plagioclase, monoclinic 
pyroxene, and titanomagnetite, and has been re- 
placed to a considerable extent by finely fibrous 
to scaly aggregates of actinolite, chlorite, and 
zeolites. The numerous amygdules are filled 
up with radial natrolite and thomsonite. This 
rock also contains numerous clastic grains of 
quartz and potassium feldspar. 


The amygdaloidal fine- to very fine-grained 
dolerites have a poikilitic to ophitic texture. 
Théy consist of plagioclase, monoclinic pyro- 
xene (often with an aegirine component), oc- 
casional rhombic pyroxene, rare olivine, titano- 
magnetite, and analcite, and a considerable a- 


mount, up to 25% actinolite, chlorite, and biotite. 


Iddingsite, talc, and calcite are occasionally 
present. The amygdules are filled up mostly by 
acicular actinolite aggregates, occasionally with 
prismatic diopside crystals grown over by actin- 
olite; also fairly large apatite prisms. Oc- 
casionally the amygdules are filled up with 
analcite. 


Medium-grained amphibolitic subalkalic 
dolerites with rhombic pyroxene are dark to 
green-gray dense rocks, weathering to pea-size 
grains, because of the presence of coarse oiko- 
crystals of monoclinic pyroxene saturated with 
fine laths of plagioclase. These rocks are 
taxitic, with the pyroxene-plagioclase poikilo- 
ophitic segments changing to leucocratic, made 
up of feldspars and analcite. 


In addition to plagioclase (44. 6 to 51%) and 
monoclinic pyroxene (15. 5 to 30. 9%), this rock 
contains rhombic pyroxene (0. 8 to 4. 9%), at 
times olivine, also titanomagnetite (3.1 to 4%), 
albite, anorthoclase, analcite, apatite, actino- 
lite (18. 3 to 19%), diopside, chlorophaeite, 
iddingsite, talc, chlorite, biotite, carbonates, 
zeolites, and vesuvianite. 


The plagioclase occurs in places in glomero- 
porphyritic accumulations of coarse zonated 
protoblasts, up to 8 mm, with a bytownite core 
(No. 76-81) and labradorite margins (No. 55- 
62). The groundmass is represented by 
labradorite No. 62-68. Plagioclase of leuco- 
cratic segments is considerably more acid, 
being andesine No. 40-42. Crystals adjacent 
to interstices filled up with anorthoclase and 
analcite are zoned, with the margins of oligo- 
Clase No. 10-20. At the analcite boundary, the 
plagioclase is usually overgrown with albite. 
Plagioclase crystals are usually fresh- looking 
and only locally replaced in fractures by 
analcite, zeolites, and chiorite. 


Monoclinic pyroxene forms colorless to 
Slightly brownish coarse oikocrystals, showing 
in some thin sections an uneven fringe of 
greenish aegirine-carrying pyroxene, apparent- 
ly autometasomatic. 
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Rhombic pyroxene shows up in all thin sec- — 
tions, as elongated prismatic crystals, often 
growing on olivine and monoclinic pyroxene; th 
reverse is true locally, with monoclinic pyro- 
xene surrounding the rhombic. This pyroxene 1 
colorless, with 2V varying from -69° to -53° 
(i.e., from hypersthene with 22% Fs to ferro- 
hypersthene with 50% Fs). For the latter variee 
y = 1.718 + 0.002; a=1.71040.002. The 
rhombic pyroxene is replaced, often completely| 
by fibrous actinolite and chlorite. 


Olivine is present in some thin sections, in 
small, rounded pseudomorphs of iddingsite, 
serpentine, and talc. These occur at times in 
the monoclinic pyroxene and occasionally carryy 
plagioclase growths. 


Anorthoclase occurs only in leucocratic seg-; 
ments of rocks carrying a more acid plagioclase 
where it forms large, up to 1 cm, xenomorphic@ 
grains in the interstices. It corrodes the albites 
fringes on plagioclase. Their refractive index ~ 
is lower than that of Canada balsam: y - a= 
0. 005; 2V = -48°. The anorthoclase is pierced 
through with fine apatite needles. 


Analcite, too, occurs only in some of the thin 
sections, in a way similar to that of anortho- 
clase. It corrodes and replaces albite and is ind 
turn replaced by diopside, chlorite, and radial 
natrolite. It is isotropic, as a rule, intensively) 
fractured, and pierced by apatite needles. 


Apatite occurs in comparatively large a- 
mounts, in very fine needles in the interstices, 
as well as in larger prisms, up to 4 mm long, 
piercing the pyroxenes and plagioclases. 


Actinolite is the most common autometasome 
tic mineral. It is developed largely on rhombic} 
pyroxene, less commonly on the monoclinic, inj 
aggregates of long-fibered to acicular crystals, ; 
pale-green with a conspicuous pleochroism. 


Its optical properties are inconsistent: cy= | 
0-20°; y = 1. 682 to 1. 690 + 0. 002; a = 1. 670 to 
1. 678 + 0. 002; the color intensity along y is 
raised from yellow-green to blue-green, with ai 
increase in the extinction angle and the refrac- 
tive indices. Actinolite is replaced by fine- 
scaled chlorite and by rosettes of colorless talc. 
For the chemical analysis of these rocks, in 
samples 143 and 145, see Table 1. 


Related to these cutting intrusions is a meta~) 
somatic alteration of the enclosing rocks, in H 
exocontact zones several meters thick, leading | 
to the appearance of assorted serpentine-calcite 
garnet rocks. 


. 
} 


3. Metasomatic and Hydrothermal Formations 


Here we deal with the bulk of metasomatic 
rocks whose formation is related to post-mag- | 
matic endogenetic activity. We omit the descri 
tion of altered lateral sedimentary rocks, the 
assorted pyroxene-garnet, serpentine-garnet, 
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pentine-magnetite, etc. We are most in- 
sted in metasomatic rocks formed in the 
ration of traprock. 


As pointed out before, the stratified sills 

ibit numerous linear zones of strongly 

istose and altered dolerite. Such zones have 
n traced in the Kuchchuyug-Yt-Elbyut Creek 
a, along the meridional stretch of the river, 
in several places at the sharp bends (Fig- 
1). Their structure (across the strike) is 
ilar everywhere. Trains of leucocratic 
srites, diopsidic, aegirinic, albitic, analcitic, 
zeolitic (metasomatic teshenite dolerite), 

e heterogeneous in composition are present 
heir peripheral parts; in the middle and most 
istose part, they are gradually replaced by 
ee eo Frous, serpentine, and ser- 
ine-calcitic rocks, in isolated pockets of 
ious sizes, or along the fractures. The 
:kKness of these metasomatic zones reaches 
'm, with the visible length up to 1 km. 


mn the stratified sills, metasomatic teshenite- 
2rite is formed on dolerites of all crystalli- 
on stages; in dip cross-sections of the crush- 
mes, leucocratic heterogeneous teshenite- 
rite appears to cut the horizontal layers of 
tolitic dolerite, coarse-grained poikilodphitic 
rite, and dolerite with quartz and biotite. 
rse-grained teshenite-dolerite formed on 
shed aphanitic dolerite of the tempered zones 
y have been observed. The outlines of these 
ms are extremely intricate, with innumerable 
-like apophyses along the fractures; the 
isitions to unaltered dolerite are rapid, al- 
igh not abrupt. Externally, these teshenite- 
rites are quite distinctive; these are light 
-gray to greenish and blue-gray rocks, ex- 
ely heterogeneous in texture. Their slabs, 


FIGURE 4, 
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polished with water, exhibit particularly well 

the haphazard alternation of fine- and coarse- | 
grained, leucocratic and melanocratic seg- . 
ments, segregations, and veinlets of very coarse 
crystals of pink zeolites and green-black 
aegirine-diopside, with numerous pockets of 

coarse crystals of apatite (up to 2 cm), sphene, 

and brown garnet (Figure 4). 


Microscopic texture and particularly the 
composition of these rocks have been determined } 
by two factors: first, by the composition and 
structure of the original dolerite, and second by 
the degree of alteration. Present in the rock are 
varieties of blastoophitic and blastopoikilodphitic 
textures, with the coarse-grained segregates 
exhibiting an idioblastic texture. 


Participating in the composition of these rocks 
are relict minerals of the original rock: olivine, 
assorted plagioclases (from bytownite to . 
andesine-oligoclase), colorless monoclinic . 
pyroxene, and titanomagnetite. In addition, 
newly-formed minerals, albite, analcite, zeo- 
lites, scapolite, diopside, aegirine-diopside, 
sphene, apatite, actinolite, blue-green horn- 
blende, biotite, chlorite, occasionally magnetite, 
brown garnet, and calcite are present. The con- 
tent of newly formed minerals is variable, and 
their distribution uneven; generally speaking, 
their content rises going toward the middle parts 
of metasomatic zones, with their numerous 
pockets of coarse aegirine-diopside idioblasts 
and radial aggregates of zeolites. 


Now for a brief description of the metasomatic 
minerals. Albite, when present, forms fringes 
on plagioclase, replacing it along some fractures. 


Analcite, too, is not always present. It occurs 


Metasomatic teshenite-dolerite. 


A segment of coarse crystals of aegirine-diopside, 
analcite, natrolite, 3/4 natural size. 
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in xenomorphic grains, at times with a perfect 
cleavage, isotropic to slightly anisotropic, with 
quite low refractive indices. It usually re- 
places plagioclase and minerals of the ground- 
mass, locally forming coarse xenoblasts of 
analcite. The latter contain relict laths of 
plagioclase (Figure 5) forming an extremely 
thin growth of green (chlorite) fibers over it. 
The analcite is often replaced by radial zeo- 
lites. 


FIGURE 5. 


Metasomatic teshenite-dolerite 


A coarse xenoblast of analcite with plagioclase 
laths surrounded by chlorite. Thin section 252 
X 53, without analyzer. 


Anorthoclase is quite rare, occurring in 
serrated xenoblasts with a poorly expressed 
cleavage (y is somewhat smaller than in Canada 
balsam; 2V = 47°); its position in the rock is 
similar to that of analcite. 


Diopside is quite common, being formed on 
the primary colorless monoclinic pyroxene, 
whose coarse oikocrystals are commonly alter- 
ed, either wholly or along the margins, to an 
aggregate of fine isometric blastic grains of 
pale green diopside (Figure 6). In deeply meta- 
morphosed rocks, diopside forms the cores of 
coarse idioblasts with the edges overgrown with 
vivid green aegirine-diopside. Its optic con- 
stants: +2V = 48°; cy = 40°. 


Aegirine-diopside is quite characteristic of 
these rocks, although its content is variable. 
It forms the peripheral zones in crystals of 
colorless pyroxene and in blastic diopside 
grains, and also occurs in individual idioblastic 
grains. Quite often these grains are broken up 
into a number of growths piercing the plagio- 
Clase, lending these segments a poikiloblastic 
structure (Figure 7). Its composition is incon- 


sistent, and its color varies from light-green to 


deep grass-green. Pelochroism varies from 
golden-yellow along a to deep-green along y; 


cy = 50 to 68°; +2V = 64 to 92°; in grains with § 
maximum values of cy and 2V, y = 1. 754 +0. 00 : 
a= 1.722 +0.002; y - a=0.032. The aegirine 4 
component content ranges from 10 to 50%. 


Sphene is present from 1 to 4%, with isolates 
pockets of copper-yellow envelope- shaped 
crystals up to 7 mm. In the rock, sphene for 
fringes about titanomagnetite but is just as 
common in diablastic growths with aegirine- 
diopside and in poikilitic growths in plagioclase 


Apatite, too, is quite common. Unlike the 
fine needles of apatite in normal dolerites, it 
occurs here in large (at times up to 2 cm) ex- 
cellently formed prisms piercing all minerals. . 


FIGURE 6. Metasomatic teshenite-dolerite. 


Diopsidization of monoclinic pyroxene. Thin | 


section 277, X 58, without analyzer. 


FIGURE 7. Metasomatic teshenite-dolerite. 


Replacement of plagioclase by aegirine-diopside.} 
Thin section 199, X 45, without analyzer. 


V.V. 


The blue-green hornblende, when present in 
1 sections, forms fine rod-like crystals, up 

). 2mm, growing in zeolites, or forms rod- 

> growths about the aegirine-diopside grains; 
23-25; 'y - a= 0. 002 to 0. 003. 


Zeolites constitute the principal rock-forming 
lerals, in some segments, where they ac- 

nt for up to 45% of the rock. Most typical 
‘the radial zeolites, natrolite and thomsonite; 
2 present are stilbite, heulandite, and lau- 
atite. The zeolites are formed mostly on 
soclase, as well as on analcite and pyroxene. 
chlorite is a later formation. It occurs in 
2-green rosettes with anomalous interference 
ors, and is developed on zeolites. Also pre- 
t are earlier green-brown to green chlorites; 
fever, they appear to be relicts. The chemi- 
analyses of various metasomatic teshenite- 
Prites are given in Table 1 (samples 113, 

, 183, 97, 3198-III, and 41492), 


arnet skarns. All of the above-named rocks 
subject to replacement by garnet skarns. 
ernally, these are light-colored to motley, 
rse-grained, very rough rocks with numerous 
hed-out caverns. The garnet forms coarse 
morphic crystals, up to5 mm, mostly 

es, with colorless margins. They are 
sotropic, as a rule, with fairly common 

orial twins. The garnets often contain 

cts of monoclinic pyroxene with poikolitic 

ths of replaced plagioclase (Figure 8). 
rstices among the garnet crystals are filled 
nalcite, serpentine, and calcite. Their 

tive content is variable. The chemical com-- 
ition of a serpentine-garnet skarn is given 
‘able 1 (sample 196). 

y 


3 erpentine rocks. The garnet rocks gradu- 
change to serpentine, until light-colored 


| 


Garnet skarn with relicts of 
teshenite-dolerite. 


FIGURE 8. 


hin section 196, X 22, without analyzer. 
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yellow-green anchimonomineral serpentine 
rocks, often reminiscent of nephtite, are 
formed. These consist of serpophite or else 
of a fine fibrous chrysotile aggregate with 
fairly common pseudomorphs of bastite (possi- 
bly on proxene). Some of the serpophite seg- 
ments exhibit a rash of extremely fine incipient 
garnet crystals of a later generation. Also 
present are magnetite serpentine rocks with an 
abundance of very small magnetite crystals 
(Analysis 41534, Table 1). 


Hydrothermal veins. The intrusive bodies 
are threaded in many places by a network of 
thin (2 to 5 cm) hydrothermal veins associated 
with tectonic and cleavage fractures. These 
are mostly later low-temperature analcite and 
calcite-zeolite veins. Brushes of diopside and 
garnet crystals are common along their walls. 
Less common are quartz, quartz-albite, and 
diopside veins with magnetite, sphene, scapo- 
lite, and chlorite. 


IV. CHEMICAL COMPOSITION OF IGNEOUS 
AND METASOMATIC ROCKS FROM 
THE BOTUOBIYA ZONE 

CRUSHING 


Given below are the chemical analyses of 
dolerites from all phases of the intrusions, as 
well as analyses of metasomatic teshenite- 
dolerite and apodoleritic skarns. The first 
six analyses are of the principal differentiates 
from sills of the first phase. 


Changes in the content of individual com- 
ponents, in the course of hardening of an in- 
trusions, are reflected fairly well in the 
variation diagram constructed from formula 


FeO--Fe,O5 
FeO--Fe,0,+Mgo * 100. 


The diagram (Figure 9) shows a certain 
rise in the TiOg and NagO content; an appreci- 
able increase in total iron and a decrease in 
magnesium; and a certain drop in the CaO and 
Al203 content. These changes reflect a normal 
evolution of the basalt melt, leading to the 
crystallization of ferruginous femic minerals 
and the micropegmatitic groundmass. 


The next two analyses show the composition 
of subalkalic amphibolitic dolerite with rhombic 
pyroxene. Analysis was done on samples from 
the upper and lower intervals of an inclined 
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Table 1 


Chemical analyses of trap- and metasomatic rocks from the Botoubiya zone of crushing 
also analyses of pyroxene teshenites from other areas 
(in %; numerals are sample Nos. ) 


Components 41534 | 41533 143 145 


sr 1 | 2 | 


48.72 
1.50 
15.93 


46.76 
1.32 
16.00 


45.69 
0.66 
15.20: 


45.60 
1.05 
15.15 


47.15 
1.18 
18.87 


46.52| 49.10 | 47.43 
4.44] 1.73] 2.59 
17.90} 18.72 | 13.90 


1.76 
8.17 
0.02 
16.93 
9.08 
1.78 
0.11 


0.57 


— 


3.33 
10.35 
0.27 
40.54 
9.76 
1.49 
0.53 


— 


1.26 


_— 


4.04 
6.85 
0.08 
6.17 
12.63 
2.38 
0.07 


— 


4.57| 3,07 
8.35} 6.80 
0.07} 0,17 
6.17) 3.86 
12.54] 11.03 
Ziiel tio 
0.07} 0,96 
— 1.76 
0.72 


0.57} 0.28 


13.37 
5.38 
0.20 
3.67 
7,95 
2.78 
0.77 
0.58 


1.33 


— 


— — — 


6.44 
6.06 
0.16 
8.04 
10.04 
2.81 
0.46 


—_— 


1.06 
O:Ag 


4.52 
8.24 
0.16 
5.57 
11.82 
2.70 
0.77 


— 


0.30 
0.12 


Losses to heating 
Total 


0.59 
100.00 |400.00 |100.00 |100 


— — 


— 


0 199.65 


1.48} 0,46 


— 


4S 


99.65 |100. 73/100. 78]100.8 


FeO+ Fe,O3 


Feo =-Fe,03--Mgo *100 36.9 | 56.5 | 63.8 | 67.8 | 741.9 | 83.6 


60.9 | 69.5 


3167. Troctolitic dolerite. Converted from the modal composition. After V.P. Ledneva. 

1. Normal dolerite enriched in magnesial olivine. After V.P. Ledneva. 

2. Normal dolerite (2 km above the mouth of Kuchchuguy-Zakhar Creek). After V.P. Ledneva. 

69%, Dolerite with quartz and biotite; left bank of Bol'shaya Botuobiya (above Kuchchuguy-Chaydaakh 
Creek). Converted from modal composition. After V.P. Ledneva. 

41532, Gabbro-dolerite with hypersthene, quartz, and biotite; right bank of Bol'shaya Botoubiya, 2 km 
below Ulakhan-Chaydaakh. Laboratory of Moscow Univ. *. 

41534, Quartz gabbro with titaniferous pyroxene. Right bank of B. Botouobiya, 2 km below Ulakhan- 
Chaydaakh. Laboratory of Moscow Univ. 

143. Subalkalic amphibolitic dolerite with rhombic pyroxene. Right bank of B. Botuobiya, 7 km below 
Ulakhan-Chaydaakh. Laborat. of the Arctic and Antarctic Inst. (A. A.N.I.I.).** 

145. Subalkalic amphibolitic dolerite with rhombic pyroxene; same location as 143. Laboratory A. A.N.J 

113. Coarse-grained metasomatic teshenite-dolerite. Right bank of B. Botuobiya, at the mouth of 
Kochhuguy-Yt-Elbyut. Laboratory A.A.N.I.I. 

265. Fine-grained diopsidic dolerite. Right bank of B. Botuobiya, 1 km below Il'ya-Ayan-Suollaga Creek: 
Lab. A.A.N.I.I. 


*V.G. Tiptsova, Analyst for the Moscow Univ. Laboratory. 
**N.K. Voznesenskaya and M.I. Gohvat, Analysts for the A.A.N.I.I. Laboratory. 


145, as in the first instance, is the result of 

crystallization differentiation, during solidi4 
fication. Judging from their Wager and Deer 
factor, sample 143 may be correlative with | 


cutting body, about 30 m thick. The differ- 
ence in their chemical composition, a some- 
what higher content of SiO2 and FeO + Fe2Os3, 
and a lower content of MgO in the upper sample 
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Table 1 (continued) 


| 265 183 97 | 257 sea 41494 4115 3 4 5 6 | 196 4153Y 
| 48.02| 45.901 47.58] 46.60] 45.36 46.64| 48.531 53.601 44.341 46.7 
-74| 45,52| 39.62] 25.3% 
| 1.24) 2.00] 1.12) 4.08} 2.55] 1.57) 4.41) 0.73) 4.24] 2-44) 2,07] 1.24 Sores 
| 17.221 12.14] 15.47] 16.77] 48.20) 15.56) 18.26) 15.021 45.07] 15-02] 16,08| 13.79] 2.24 
5.37) 5.66) 3.67| 2.80} 4.49} 3.64] 4.01] 1.68] 0.28) 5.04) 4,18] 6.77] 27.76 
4.67] 7.34) 5.10] 3.51] 4.09] 3.77] 5.57| 3.75] 9.41] 6.96] 6.37] 2.15] 1.62 
0.09} 0.13! 0.13) 0.08} 0.06! 0.44] 0.16) 0.40} 0.20] 0.15] 0,27] 0.07} 4.73 
| 5-36] 4-47| 6.76) 6 13) 2.98) 5.76] 5.19} 5.40] 7.37] 4.75] 4,85] 3.26) 27.77 
12.86] 11.96) 14.88) 13.90] 11.12) 12.05] 13.36) 11.80] 42.03| 411.65] 8,34] 31.98] 2.68 
2.87) 4.60! 2.79) 3.77] 5.93] 4.76] 4.97] 3.54] 2.35| 4.50] 4763] 0.33] 0.32 
0.19] 0.42} 0.36] 0.47] 0.421 0.62] 0.85] 1.58] 3.80/ 2.40! 2.00 — | 0.42 
et Sloss | -O7 | -- | 3.09) 4.421 —! 1 8’48 
4.07] 4.32) 4.48] 0.92) 4-80! 0.87] 0.44] 4.431 3 4 
| 0.15! 0.37] 0.43 iss lien ec a] Pama a me oe 
0.49] 0.42} 0.08 Set he. ee ee Pree eran 
0.19] 0.44] 0.24 a ca Sree Ho ee la me 
34) 2.561 3.58 4.42\2—_| 0. Bt ale, hs | a BONSTOOO 
400. 69/100.8 |100.04|100.45] 99.05] 99.84 1100. 42/100. 43] 99.85 100.24} 4100 |100.88/100.14 


— 


183. Coarse-grained metasomatic teshenite-dolerite. Right bank of B. Botuobiya, 5 km above Ulakhan- 
aydaakh. Laboratory. A.A.N.I.I. 
‘97. Medium-grained metasomatic teshenite-dolerite. Right bank of B. Botuobiya, above Kuchchuguy-Ut- 


ouyt. Lab. A.A.N.I.I. 
|257. Medium-grained metasomatic teshenite-dolerite. Right bank of B. Botuobiya, below Il'ya-Ayan- 


pllaga. Lab. A.A.N.I.I. 

/3198-IIIl. Coarse-grained leucocratic segment in metasomatic teshenite-dolerite. Right bank of B. 
ituobiya, above Kuchchuguy-Yt-Elbyut. Converted to the modal composition. 

41492, A pyroxene-zeolite segment in metasomatic teshenite-dolerite. Same location as 257. Laborat. 


ae Univ. 
‘4115. Diopside-magnetite-zeolite-chloritic vein. Right bank of B. Botuobiya, below Ulakhan-Zakhar 


eek. Laborat. Moscow. Univ. 
3. Leucocratic teshenite gabbro. Alamdzhakh River. After V.L. Masaytis. 
4. Teshenite. Podkamennaya Tunguska River. After A. P. Lebedev. 

5. Pyroxene Teshenite. Nizhnyaya Tunguska. After V.S. Sobolev. 


6. Teshenite. Average, after R. Daly. 
196. Serpentine-garnet rock with relicts of teshenite-dolerite. Same location as 183. Laborat. A.A.N.I.I. 


4154U, Magnetite-serpentine rock. Right bank of B. Botuobiya, below Ulakhan-Chaydaakh. Laborat. 
1scow Univ.; P.V. Diomidova, Analyst. 


series differentiates and puts them among sub- 
alkalic rocks. Samples 31 and 132 of amyg- 
daloidal porphyritic microdolerites, analyzed 
by the flame photometry method, have also 


rmal dolerite, while sample 145 is similar to 
e quartz- and biotite-carrying dolerite. How- 
‘er, both of these samples have a higher Na 0 
mtent, which takes them out of the normal 
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FIGURE 9. Variation daigram of chemical compositions of rocks of a normal 


series of crystallization differentiation. 


been found high in alkalies (Table 2). Their 
composition appears to be most similar to that 
of the original melt.’ 


The next seven analyses (samples 113-41492, 
Table 1) are of metasomatic teshenite-dolerites. 
With a variable overall composition, they show 
a distinctly higher Na9O, as high as 5. 93%, 
with its highest values noted in samples from 
coarse-grained segments with their idioblasts 
of aegirine-diopside, xenoblasts of analcite, 
and radial aggregates of natrolite. Six samples, 
analyzed by the flame photometry method, show 
the same order of NagO content (Table 2). 


Analyses 196 and 4153" (Table 1) are of 
apodolerititic serpentine-garnet skarns and 
magnetite-serpentine rocks. Table 3 gives a 


*It should be noted that the KO enrichment in 
samples 31 is due to the presence of K-feldspar 
xenocrysts. 
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general idea of changes in the chemical compo 
sition of rocks in metasomatism, as converted J 
to 100 cm’. As compared with normal dolerite 
the teshenite-dolerites show a certain reduction 
in SiO9, FeO, and MgO, and an increase of 
TiO, CaO, Nag2O. 
| 

Our rock groups so designated differ some- * 
what among themselves also in microelements. § 
Later differentiates in the first phase sills | 
show the appearance of Pb, Sn, Zn, and Mo, am 
a reduction in the Cr content. Subalkalic amphi 
bolitic dolerite with rhombic pyroxenes, and 
amygdaloidal dolerites of the second intrusive | 
phase, approach the normal dolerites, with Pb, 
Sn, Mo, and Ag present in metasomatic 
teshenite-dolerite. A few analyses of apodolery 
tic serpentine-garnet skarns show a higher am 
content. 


Thus, the metasomatic teshenite- dolerites ‘ 
carry microelements characteristic of the 
residual portions of trap magma. This, too, 
shows their late appearance. 


V.V. YUDINA 


Table 2 


The alkali content in igneous and metasomatic rocks 
of the Botuobniya zone of crushing (in %; numerals 
are sample nos. ) 


Components 


Na O | 
K,O 


Laboratory I.G.E.M.; L. Krutetskaya, Analyst. 


31 — autobrecciated amygdaloidal ataxitic microdolerite. 


132 — amygdaloidal fine-grained subalkalic dolerite. 
108-277 — assorted metasomatic teshenite-dolerite. 


200, 271 — calcite-serpentine-garnet rocks with relicts of metasomatic teshenite-dolerite. 


CONCLUSIONS 


The data presented above lead to certain con- 
3ions on the development of traprocks within 

Botuobiya zone of crushing and on the role of 
alkalic derivatives in this process. 


L Both phases of the late intrusive stage 
stallized out of a melt progressively en- 
ied in volatiles and alkalies. 


As demonstrated by V. L. Masaytis [10] for 
the Alamdzhakh traprocks, this process of 
crystallization differentiation is considerably 
facilitated by an enrichment of its original 
melt in volatile components which reduce its 
viscosity. In addition, a direct evidence of the 
presence of volatiles in the original melt is 
the development of amygdaloidal varieties in 
certain marginal segments of the sills, as well 
as a contact metasomatism of the enclosing 


rocks. 
1) The comparatively thin (70 to 80 m) in- 
sions of the first phase are appreciably 
itified, and differentiated up to the acid and 
ilic residue, dolerite pegmatites, while the 
icent areas contain intrusions of an early 
se: perfectly homogeneous sills, up to 120 
dick. 


b) The cutting intrusions of the second phase 
crystallized out of a melt somewhat richer in 
volatiles and in N90. This melt was more 
active; for this reason, and under certain tec- 
tonic conditions, it formed intrusive bodies of 
the neck type, consisting of autobrecciated 


Table 3 


Change in the chemical coon of rocks, in metasomatism. 
Quantities in gm/100 cm’ (Numerals — sample nos. ) 
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mandelstein. Dolerites of this intrusive phase 
underwent a sodium autometasomatism and an 
intensive autohydrothermal alteration. 


2. It appears then that the Botuobiya zone of 
crushing housed a magmatic center with a 
peculiar trend in the evolution of its melt in the 
direction of an enrichment in volatile components 
and sodium. This center is the southern ter- 
minus of the Akhtaranda magmatic province 
{ Die 


3. Hydrothermal solutions are closely rela- 
ted to the development of the magmatic center 
and are a natural culmination of its activity. 
should be noted here that the release of gases 
and solutions was initiated at earlier stages of 
this development. Amygdaloidal zones appear 
as early as in marginal zones of the first in- 
trusive stage, which suggests a retrograde 
boiling-up and a liberation of the gas phase. 
The scope of these phenomena was apparently 
small. 


It 


Hydrothermal solutions emerged also in the 
solidifying of the second phase intrusions, as 
witness the presence in them of numerous 
amygdules, along with hydrothermal alteration 
and the formation of metasomatic bodies in 
exocontact zones. 


The maximum hydrothermal activity appears 
to have been associated with the last stages of 
evolution of the magmatic center, when hydro- 
thermal solutions penetrated the numerous 
zones of crushing and altered both the trap and 
sedimentary rocks. It is these residual solu- 
tions that were responsible for the vast areal 
skarns in sedimentary rocks and for the numer- 
Ous trains of metasomatic teshenite-dolerites 
and apodoleritic skarns. 


4. Thus the subalkalic rocks from these in- 
trusions in the Akhtaranda magmatic province 
were formed at late and terminal stages of de- 
velopment of this magmatic center. They 
originated in processes other than a crystalli- 
zation differentiation of magma. Two genetic 
groups of noncontemporaneous subalkalic rocks 
should be differentiated: 


a) "Primary" igneous rocks, crystallized 
out of the melt batches considerably enriched 
in volatile components, and somewhat higher 
in NagO (up to 2. 8%). They carry late-magmatic 
analcite and autometasomatic aegirine-pyroxene. 
Autometasomatic processes play a considerable 
role in the formation of these rocks. 


b) "Secondary" metasomatic teshenite- 
dolerites, formed in the alteration of earlier 
solidified traprock, by postmagmatic solutions. 
The critical factor here is sodium metasoma- 
tism which raises the NagO content to 5. 9%. 


5) There is a difference in opinion on the 
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causes of the magma enrichment in volatiles 
and alkalies. V.I. Gon'shakova [1] and L.P. | 
Khryapina [18] associate this phenomenon wit“ 
the alleged assimilation of lateral carbonate | 
rocks, at depth. A.N. Solovkin [16] cites cony 
vincing evidence for the origin of analcitic 
basalt and teshenite out of the assimilation of | 
marl by basalt magma, with an accompanying 
formation of intermediate desilicified hybrid 
rocks with 16 to 18% CaO and only 33 to 34% 
SiO9. In the tectonic zone here described, the 
formation of subalkalic rocks cannot be associ? 
ated with xenoliths in the intrusive bodies. Su 
xenoliths do not show any evidence of solution; ;) 
also, they are far from being always associate« 
spatially with subalkalic rocks. This phenom-- 
enon has been observed only where the xenolith!| 
occur in a zone of crushing and metasomatic 
alteration. There is no sign of any desilicified« 
hybrid rocks. 


It appears that the formation of these rocks 3 
through an assimilation at depth also must be | 
ruled out, because the melts show no deviation tr; 
from standard, save for the enrichment in 
volatile components and N2O; likewise, they 
produce a normal rock series, in crystallizatic) 
differentiation. 


The most plausible hypothesis appears to be 
that of V.L. Masaytis [10] who believes that th 
magma enrichment in volatiles and alkalies is 
the result of a long evolution of the magmatic 
center and is typical of intrusions taking place « 
during the last phases of a traprock cycle. The! 
association of alkalies and the volatile compo- ~ 
nents is determined by a differential mobility | 
of the alkalies, as suggested by many students. 4 
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BRIEF COMMUNICATIONS 


VOLCANIC-TECTONIC STRUCTURES IN 
SOUTHERN KAMCHATKA! 


by 
V.V. Aver'yev and A. Ye. Svyatlovskiy 


Tectonics and igneous activity are the two 


aspects of deep-seated movements in the earth's 


crust. Magma, because of its deep-seated 
origin, rises to the surface when the crustal 
movements involve a sufficiently thick segment 
and are sharply differential. Such phenomena 
are best expressed in the Pacific island arcs. 
The deep-seated movements (earthquakes as 
deep as 700 km) and volcanic activity are 
likened here to a "powerful pump" driving to 
the surface large volumes of magma, ap- 
parently an important factor in compensatory 
movements within narrow crustal belts. 


The relative scope of these tectonic and 
igneous phenomena puts a definite stamp on 
their relationship under various structural 
conditions. Where a rigid framework "con- 
tains" the magma by lending to it its own shape, 
laccoliths, lappoliths, sills, veins, and other 
deep-seated intrusive bodies are formed, sub- 
ordinate to the tectonics. 


Where the igneous activity is in the ascend- 
ency, it becomes the controlling factor; in that 
event, discordant batholiths are formed. The 
magma surges up through the immense faults 
in the crust, opened by its pressure, and 
spreads over tens of thousands of square kilo- 
meters of the surface. 


Volcanic -tectonic disturbances reflect the 
unity of tectonic and magmatic movements in 
volcanic provinces. Included here are vol- 
Canic-tectonic uplifts and subsidences and the 
resulting tension and annular faults, as well as 
grabens, calderas, etc. 


Southern Kamchatka in the early Quaternary 


1 Vulkano-tektonicheskie struktury Yuzhnoy 
Kamchatki, pp. 98-100. 
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represented an arched uplift covered with 
andesite-basalt lava flows, spread over a 
leveled-off surface of folded Tertiary rocks. 
Toward the close of Early Quaternary time, t 
crest of this uplift collapsed to form a trough 
like depression, 20 to 30 km wide, trending | 
submeridionally. The throw was up to 1000 n 
as determined by drilling through the present 
base of Quaternary lavas. In the beginning, t 
trough subsided progressively, to give a bert) 
to the 400 m thick tuff section; however, the 
outpouring of Quaternary lavas was accomp 
by an uplift in the central part of the trough, 
which resulted in an anticlinal structure of the 
Kambal'nyy (Flounder) Range, in Late Quater 
nary time. It extends for 18 km along the 
trough and is 8 to 12 km wide, presenting a 
brachyanticline raised about 1000 m, as 
witness the occurrence of thin-bedded tuffs am 
an elevation over 1000 m in its axial part in 
contrast to less than 100 m at the foot. 


Distributed along the crest part of the anti 
cline were the volcanoes whose eruptive cente 
are now recognized by the periclinal occurrer 
of lavas and tuffobreccias. The highest uplift 
took place in the northern part of the anticline 
where its terminal is periclinal. The volcan’ 
centers migrated southward, as witness the 
gressive thickening of the flows, and culmina! 
in the Kambal'nyy volcanic cone (elevation 21' 
m) which is the southern end of the range. 
Fumarole activity persists in ancient craters, 
north of that volcano, along the range. 


At present the crestal part of the anticline, 
and the lava flows, have been broken up. The 
western limb, made up of tuffs and overlain 
lavas, forms a homocline dipping west at 20 
to 25°. It is broken at its base by a meridio 
fault, now the valley of Pravaya Pauzhetka 
River. The flatter eastern limb, up to 15°, ij 
downthrown for several hundred meters. In 
northern part of the range, the axial part of t 
anticline itself has been offset by faulting, as 
witness the westerly dips of the tuffs. In the} 
northwestern part of the uplift, the gentle dip: 
are complicated by a system of northeasterly 
trending thrusts which have formed structura 
steps tens of meters high. 


Pauzhetka 


ho eae SOROS TEER 
Q 2 4 6 8 t0nm — 


»ssociated with the rise of the volcanic- 

mic Kambal'nyy Range was the formation of 
ghs at its foot. In the west and north, these 
ghs house the valleys of the Pauzhetka and 
rnaya Rivers, lined up by lava plateaus. 

se troughs probably are segments of an 

ly Quaternary trough, not involved in the 

ft but rather having undergone additional 
idence during the formation of the Kambal' 
Range. A similar trough east of the Range 
‘a more complex structure. Following the 
‘dering of the east limb of the Kambal'nyy 
clinal uplift, a dacite extrusion occurred 

e (Dikiy Greben volcano) which formed a 

cy massif trending northwest. As the dacite 
ma boiled up, it ejected large volumes of 
‘ice which then settled down about the ex- 
ion. The pumice covered the upper terrace 
1e Ozernaya River and the Upper Quaternary 
bogs. The extrusion is broken up by a 

‘es of concentric normal faults; some of 

e face Kurile lake and were instrumental 

e sinking of its western shores. 


ake Kurile (elevation 100 m above sea level 
/sink 306 m deep. Its east and south shores 
formed by the eastern escarpment of the 

y Quaternary trough; its north and west 
ces, by young volcanic structures (Il'inskiy 
Dikiy Greben volcanoes). The lake itself 

x 10 m) is in a way a relict of the Early 
ternary trough, although its development 
also been affected by subsidence associated 
\ the activity of adjacent volcanoes. This 
‘anic-tectonic sink is similar in its origin to 


‘ain Central American lakes (Llopongo, etc. ). 


“he local earthquakes demonstrate that the 
1 of this early Quaternary trough, having 
2rgone extensive reconstruction during the 
ternary, is still active. The earthquake of 
ember 5, 1952, with its epicenter off the 
shore of Kamchatka, submerged a strip 
ye north shore of Lake Kurile, about 100 m 


2 
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Kambal'nyy Range 


Nis la ace a 


Volcanotectonic structure of the Kambal'nyy Range, southern Kamchatka 
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| = Upper Quaternary extrusive complex: basic lavas and tuffs of the Kambal 'nyy Range vol- 
canoes; 2 - Quaternary dacites, andesites, and tuffs; 
cuffs of acid lavas, ignimbrites, basalts, andesites, 
zed Tertiary basic lavas and tuffs, tuffaceous sandstones, and siltstones; 5 - faults. 


3 - Early Quaternary crystal-lithic 
and tuffobreccias; 4 - undifferentia- 


The study of this area has been furthered by 
deep drilling in the structural trough, at the 
northwestern foot of the Kambal'nyy Range, in 
search for geothermal energy. Sandstones, 
presumably Tertiary in age (Pg + N), were- 
penetrated at 650 m, in the Pauzhetka hot 
springs area. They are overlain by 100 m of 
andesite-basalts and tuffs, and almost 200 m 
of early Tertiary nitric-crystal-lithic dacitic 
tuffs, correlative to those present in upper 
intervals in the sides of the Early Quaternary 
trough. The upper interval, down to 380 m, 
is made up of Middle Quaternary tuffs and 
tuffobreccias, dacitic to andesitic, deposited 
partly in lacustrine basins. The section is 
capped by sand and gravel. 


North of this area, major active volcanoes 
of southern Kamchatka are located in the bottom 
of the Early Quaternary trough which extends 
as far as the foot of the South Bystrinka Range. 


The entire volcanic zone of the south Kam- 
chatka Early Quaternary trough is similar in 
its activity (shield volcanoes ~ calderas — vol- 
canic cones + calderas — acid extrusions) to 
the main volcanic zone of the Kurile islands. 
The latter can be regarded as a volcanic- 
tectonic range rising up from a structural 
trough bound in the west by the fault scarp of 
a post-Alpine Okhotsk sea platform. In the 
east, it is bound by the Lesser Kurile island 
chain which continues in the north as the Vityaz 
submarine range and Pacific oceanic "'shield". 


Laboratory of Volcanology, 
Academy of Sciences, U.S.S.R., 
Moscow 
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METHODS 


THERMOGRAPHY OF CAUSTOBIOLITHS 
AND CLAY MINERALS?! 


by 
N. V_ Logvinenko and S I. Shumenko 


Various organic substances (humic com- 
pounds, carbonaceous matter, bitumens, tars, 
etc. ) are frequently encountered in the study of 
argillaceous rocks. A 1 to 2% content of 
organic matter in clays and clay rocks is quite 
common. In argillaceous rocks of petroliferous 
formations, the organic content is often 5 to 


10%. 


It goes without saying that such organic im- 
purities will affect the thermal curves of clay 
minerals, in the study of finely dispersed frac- 
tions. Despite that, this subject is inadequately 
treated in manuals and specialized works on 
thermal analysis. 


The majority of authors recognize the noxious 
effect of organic matter (deformation of thermal 
curves) and recommend a preliminary process- 
ing of the rocks with various reagents, to 
eliminate the organic matter. For instance, a 
manual for petrographic study of clays, edited 
by N. F. Vikulova, recommends 3 to 6% H2O9, 
or sodium hypobromide [8]. It should be noted, 
however, that such methods are inconvenient, 
for the following reasons: 1) the processing 
holds up the study of clay rocks; 2) a total 
elimination of organic matter is impossible, as 
a rule; 3) the reagents act upon the clay min- 
erals, affecting first of all the composition of 
absorbed cations. 


N.I. Gorbunov and Ye. A. Shurygina [3] have 
also found out that a processing with hydrogen 
peroxide increases the amount of sesquioxides 
and complicates the thermogram. For these 
reasons, clays and clay minerals will have to be 
analyzed in the presence of organic matter, 
without any chemical processing. 


lik termografii kaustobiolitov i glinistykh mineralov, 
pp. 101-109. 
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The prevailing opinion is that the presence + 
organic matter in clays causes a fairly flat 
exothermic peak in differential thermal curve 
in the 300 to 450°C temperature range. This | 
effect was studied by L. P. Gmid [5] who corral 
lated thermograms for Maikop clays without ag 
preliminary processing, and with processing 
with alcohol-benzene and caustic alkali. She 
has determined that humic compounds cause a? 
exothermic maximum at about 600°C; bitumeny 
at about 380°C; and "insoluble" organic matte» 
at 385°C (after a processing with caustic alkali 
and alcohol-benzene). In addition to overlooki: 
the above consideration, L.P. Gmid also un- 
fortunately overlooked the presence of 2 to 3% 
pyrite in the Maikop clays. 


In order to determine which effects in 
thermal curves are caused by organic impuri~} 
ties, we must have thermographs of pure orgai; 
substances and of synthetic mixtures of known! 
organic compounds and clay minerals. 


Thermographs for various organic sub- 
stances may be found in the extensive (althougk 
far from exhaustive) literature on thermograph 
of caustobioliths. It should be noted that most‘ 
interest in the thermography of solid causto- 
bioliths has been shown by students of coking 
coal. Accordingly, the results are not familia 
to geologists. However, caution should be 
exercised in using these data. It is particulars 
important to know the experimental conditions 
(the rate of heating, the atmosphere in the heai 
ing chamber, etc.), because they may affect tl 
magnitude of thermal maxima and even distort! 
and completely eliminate them (as is true for 
the oxidation effect of organic substances in a 
protective or neutral atmosphere). 


Thermographic characteristics of humic 
acids can be found in the study by I. D. Sedlet-}) 
skiy and G. V. Shmakova [10]. Those authors 
carried out a differential thermal analysis of 
humic acid from peat (Figure 1-a) and cherno 
and obtained almost identical curves. The firs 
endothermic effect, with a maximum at 90 to 
110°C, is caused by hydration water; the sec- 
ond, at 630 to 635°C, is associated with a re-} 
lease of water in the transformation of carboxy 
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400° 450° 


: FIGURE 1. 
| 


Thermal curves 


'a = humic acid; b = peat; 
| 
| 


c = boghead, 


iol, and methoxyl groups. An exothermic 

e at 200 to 400°C marks the combustion of 
acids, while the 1100°C exothermic effect 
ets the breaking up and oxidation of benzene 
ns of humic acid. N.I. Gorbunova, I. G. 
rupa, and Ye. A. Shurygina [4] also present 
ermogram for humic acid. It is quite 

ilar to the Sedletskiy and Shmakova curves, 
»pt for the absence of a well-defined exo- 
mic effect in the temperature range above 
Cc. 


ccording to J. Stott and O. Baker [13, 17], 
is characterized by a compound asym- 
ric exothermic effect which begins at 328°C, 
dly reaches a maximum at 380°C, then dies 
a gradually, up to 489°C. To dampen this 

t, the authors "diluted" the cellulose with 
Bios. 


.1. Kanavets, B.K. Klimov, and K.I. 
xisova [6] obtained thermal curves for peat; 
of them is presented in Figure 1-b. It ap- 
-s that the authors used a protective atmo- 
ye; asa result, the exothermic reactions 
xidation were not recorded. The peat 

mal curve exhibits the first endothermic 

*t with a maximum at 170 to 175°C (loss of 
‘ation water) and considerably weaker exo- 
mic effects in the 750 to 832° range. 


. peat thermogram which we have recorded 
2x moderately oxidizing conditions, is 
vn in Figure 4-a. Interestingly enough, it 
lite similar to the humic acid thermogram 
ure l-a), differing from it only in the some- 
- lower maximum temperatures, in the high- 
ser ature range (which, incidentally, may be 
to the slow rate of heating, about 4°C per 
ite). Conspicuous in this peat thermograph 
the 140, 410, and 635°C endothermic ef- 
3, and the 300, 700, and 960°C exothermic 


>ts. 
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We had no published data on the thermography 
of brown coals from the humus series; there- 
fore we had to do some experimenting of our 
own. We have obtained almost identical dif- 
ferential thermal curves for the Ukrainian and 
Moscow types of coals. One such thermogram 
is presented in Figure 4-f. It shows that the 
brown coals are characterized by endothermic 
effects with maxima at 140°C (loss of hydration 
water) as well as at 400 and 510°C (430 and 
540°C for the Moscow basin brown coals). As 
will be,shown below, these effects are typical 
for all coals (except for anthracties). The two 
coal types are marked also by endothermic ef- 
fects in the 700 to 740°C and 880 to 890°C 
ranges. Inasmuch as the recording was done 
under moderately oxidizing conditions, the 
curves show a marked exothermic rise with a 
maximum at about 310 to 320°C. 


A thermal curve obtained for boghead (Fig- 
ure l-c) by N. A. Nechitaylo, M.N. Sokolova, 
and S.G. Sarkis'yan [9] is an example of the 
thermographic characteristics of sapropelitic 
coals. This curve shows an endothermic effect 
in the temperature range up to 175°C anda 
sharp twin endothermic effect with the maxima 
at 400 and 450°C, typical of many coals. The 
authors experimented with a high heating rate 
of about 18 to 20°C per minute; this probably is 
the reason for the merger of two endothermic 
effects into a single one. The absence of the 
thermal effect of oxidation suggests the presence 
of a protective atmosphere. Unfortunately, the 
authors give no interpretation of their thermo- 
grams. 


Hard coals have been more extensively 
studied, thermographically, than peat and brown 
coals [1, 2, 6, 12-17]. A series of thermal 
curves for various hard coals, after H. Glass 
[12], recorded in a protective atmosphere, is 
given in Figure 2, 2-e. Typical of all these 
curves are endothermic effects in the 90 to 
115°C range, associated with the release of 
hydration water; also two endothermic effects 
in the 400 to 600°C range. The first is associ- 
ated with the fusing of coals; the second, with an 
intensified liberation of volatile components and 
a repeated hardening. According to H. Glass 
[12] the intensity ratio of these two effects is 
different for coals with a different content of 
volatiles; as such it may serve as a classifi- 
cation criterion and a measure of their car- 
bonization. It should be noted that the Glass 
classification has not yet been generally ac- 
cepted. 


H. King and W. Whitehead [13, 14] con- 
cluded after their thermal study of hard coals in 
a vacuum that exothermic maxima shift with a 
higher carbon content: from 425°C (charcoal) 
to 530°C (semianthracite). In another work, H. 
King and D. Kelly [15] have demonstrated that 
a drop in the volatile content raises the tem- 
perature of exothermic effects, from 450°C to 
520°C (in a vacuum). 
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FIGURE 2, Thermal curves 


a - long-flame coal, 48% volatiles; b - gas -- 
long-flame coal, 38.6% coal; c = rich coal, 

27% volatiles; d = smoke coal, 19.1% volatiles; 
3 = mark Gj} coal, ash content 7.86%; f - mark 
D coal, ash content 5.39%; g - anthracite; h - 
graphite. 


Van-Chzhao-syun and G. N. Markarov [1], un- 
like the majority of authors, carried on the 
thermographic studies of hard coals in an oxidi- 
zing atmosphere. Figure 2, e-f, presents two 
such thermograms. 


The authors state that decomposition and sur- 
face oxidation of coals take place in the 150 to 
300°C range (exothermic bulge), as confirmed 
by analytic data. They are in accord with H. 
Glass in their interpretation of the twin Zigzag 
peak in the 400 to 530°C range, as indicating a 
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baking stage of the coal. The differential the 
mal curve rises again in the 510 to 540°C ram 
By that time, most of the volatiles have escapi 
while the curve slope indicates the compactiay 
of semicoke and its transformation to coke, =} 
companied by an intensive elimination of oxyg 
bearing compounds. A slight absorption of he 
in the liberation of residual hydrogen, and a 
more orderly orientation of the carbon surfaai 
takes place above 750°C. The authors concl 
that, in coal thermography, the maintenance * 
of an inert medium is not necessary. A com- 
parison of their curves with those obtained wi 
a protective atmosphere (such as in Figure 2,2 
a-d) is a convincing demonstration. 


K. Kréger and A. Pohl [16], in their diffed 
ential thermal study of Ruhr coals, analyzed | 
three coal components: vitrinite, exinite, andi 
micrinite (nontransparent coal matter). Theé 
thermal curves turned out to be different fror 
one another. The vitrinite curve is the riche¢ 
in thermal effects, followed by the exinite 
curve. The micrinite curve is almost devoid 
of thermal effect, duplicating the zero line, 
which suggests a thermal inertia for this coals 
component. 


As anticipated, the most metamorphosed 
coals, the anthracites, approach graphite in ~ 
thermographic characteristics. Figure 2-gi' 
an anthracite thermogram, after B. K. Kanave 
B. K. Klimov, and K.I. Chibisov [6]; Figure 
2-h is a graphite curve, after N.I. Gorbunoy,, 
I.G. Tsyurupa, and Ye. A. Shurygin [4]. 


Theremograms for various bitumens have * 
been published recently by N. A. Nechitaylo ex 
al [9]. Some of them are presented in Figur 
3, a-f. Unfortunately, the authors give no 
interpretation of the several thermal effects; 
however, the very aspect of these curves in- 
dicates the variety of bitumens, even within 
individual groups (crude oils, ozokerites, 
asphaltites). 


B. K. Klimov et al [7] analyzed a number © 
oil shale samples. Two of their thermogramst 
are given in Figure 3, g-h. Outwardly, they | 
are quite similar to the hard coal thermogrant 
being characterized by the distinct endotherm: 
effect of the hydration water loss, at 120 to 
150°C, and two endothermic effects in the 400! 
to 600°C range, the latter merging at times, © 
as in coals, into a twin peak (Figure 3-h). 
absence of exothermic éffects indicates that t 
authors used a protective atmosphere. 


In concluding this brief review of the ther 
graphy of caustobioliths and their components: 
we must note the two essential factors loweri 
the value of data so obtained: 1) a total lack 
of uniformity in the experimental method (wit 
the methods themselves often not properly | | 
described); 2) with a few exceptions [2], min> 
eral impurities in caustobioliths, such as 
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FIGURE 3. Thermal curves 


| 
Minus insk paraffin base crude; b - Severo- 
k asphalt base crude; c - Minusinsk ozero- 

; d = Shor-Su ozerokite; e - asphaltite; f - 
altite; g - Azerbaydzhanian oi] shale; h - 
onian sapropelitic (blue-green algae) oi] 

e. 

: 

te, marcasite, clay minerals, etc., are 
red. 


: 

Te have recorded a series of thermograms 
-der to determine the nature and relative 
sity of thermal effects for synthetic mix- 
s of clay minerals and caustobioliths. We 
_for that purpose standard samples of 
yanovo kaolinite and Oglanly bentonite, 
aented by peat, brown coal (Ukrainian and 
cow), and Mark D hard coal from the Don- 
j.e., by humus material of different de- 
's of metamorphism. Recorded in addition 
> curves for the Prosyanovo kaolinite mixed 
‘crude oil (from the Kharkov region wells), 
eken ozokerite, and Shor-Su asphalt. The 
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ratios of clays and caustabioliths were selected 
to duplicate closely those occurring in nature. 


Neither a protective atmosphere nor vacuum 
were used in our experiments, contrary to the 
prevailing practice. Exothermic effects 
caused by the oxidation of caustobioliths (com- 
bustion of organic matter in the 250 to 400°C 
range) are not strong enough to distort the 
thermograms and do not justify the considerable 
experimental complications arising in connection 
with the use of a protective atmosphere or a 
vacuum. We were also cognizant of the fact 
that neither condition is commonly obtained in 
thermal analyses of clay rocks and minerals. 


The thermograms were recorded with the 
commercial photopyrometer FPK-55, which 
yields quite reliable results. Platinum was used 
for the thermal element; i. e., a platinum- 
rhodium thermocouple, 0.5 mm diameter. The 
thermocouple was protected by quartz covers, 
with the sensitivity of the device maintained by 
lowering the ballast resistance in the differ - 
ential galvanometer circuit to 800 ohm. The 
weight of the sample was 2 gm, and the rate of 
heating 5 to 6°C per minute. Inasmuch as a 
supplementary furnace was used above 900°C, 
the thermal effect peaks in that range are some- 
what flattened and stretched out along the hori- 
zontal axis. A slight lowering of the peak tem- 
peratures is possible, here. Prior to the 
analysis, the samples were crushed in a porce- 
lain mortar and kept in a thermostat for 2 hrs, 
at 105°C. 


Differential recordings of this study are pre- 
sented in Figures 4-7. They show that the 
thermal characteristics of peat are quite 
similar to those of humic acids (Figure 1-a), 
differing only in the high-temperature maximum 
at 960°C; that, however, may be related to the 
slower heating. 


Figure 4, a-d, presents thermograms for 
mechanical mixtures of Prosyanovo kaolinite 
and crushed peat; they show that the presence 
of as little as 2% peat is reflected in an endo- 
thermic effect at 235°C (loss of water hydration), 
and in an exothermic effect of oxidation, at 
300°C. The other thermal effects of peat are 
missing in the thermograms of mixtures, even 
at a 10% peat content in kaolinite. It is of in- 
terest that the thermogram of kaolinite with a 
5% peat content is quite similar to that of the 
Chasov"yarsk monothermite. This shows the 
extent to which the thermograms of clay miner- 
als can be distorted by a small addition of 
organic matter, a fact to be remembered in the 
thermographic study of clays. 


A series of thermal curves for kaolinite with 
brown and hard coals (ash content, 5.1 and 
2. 6%) also shows that up to 10% caustobiolith 
content in kaolinite is reflected in a low-tem- 
perature endothermic effect, at 150 to 200°C, 
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FIGURE 4, 


Thermal curves 


a- peat; ash content, 3.8%; b - kaolinite with 
2% peat; c - kaolinite with 5% peat; d - 
kaolinite with 10% peat; e - Prosyanovo 
kaolinite; f = Ukrainian brown coal, ash con- 
tent 5.1%; g - kaolinite with 5% brown coal; 

h = kaolinite with 10% brown coal; i = hard 
coal, mark D, ash content 2.6%; j- kaolinite 
with 2% hard coal; k = kaolinite with 5% hard 
coal; 1 = kaolinite with 10% hard coal. 


and an exothermic effect of combustion. The 
maxima of these exothermic effects are shifted 
over to a higher temperature range, as the 
Organic matter becomes more metamorphosed. 
For example, the mixtures of kaolinite and peat 
show exothermic effects in the 300 to 320°C 
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range; maxima for the kaolinite-brown coal 
mixtures are shifted to 420°C; and as far as 
450°C for kaolinite-hard coal mixtures. 


An increase in the organic content, besides 
shifting the exothermic maxima reflecting the 
oxidation, is accompanied by a widening of thess 
effects. For instance, a strong endothermic 
effect in the kaolinite curve, at 570 to 580°C, 
splits in two the exothermic effect, to create 
a false impression of a second exothermic 
effect in the 600 to 700°C range (Figure 4, d, 

g, h, i, k). At an organic content of 10%, in 
the event it is represented by brown or hard 
coal, the entire thermogram acquires a convex 
shape (Figure 4, h, 1). This extension of the 
exothermic effect of oxidation is determined 
apparently by oxygen deficiency for a rapid 
oxidation in a closed chamber, while the heating 
rate is sufficiently high. 


Figure 5 presents differential thermal curves 
for mixtures of Oglanly bentonite with Mark D 
hard coal (ash content, 2.6%). The presence of 
as little as 2% organic matter is registered here 
by an exothermic effect at about 450°C. <A low 
temperature endothermic effect of the loss of 
hydration water is marked by a similar endo- 
thermic effect of bentonite. 


o5a° 


700° 


FIGURE 5, Thermal curves 


a - bentonite with 2% hard coal mark D; b = 
bentonite with 5% hard coal; c = bentonite with 
10% hard coal; d = Oglanly bentonite. 


The possible presence of pyrite (marcasite) 
should be kept in mind in the study of clays wit 
organic matter. In heating under oxidizing 
conditions, pyrite shows an exothermic oxidatiog, 
effect in the 400 to 420°C range; as noted by A. 
I. Tsvetkov [11], the endothermic effect of dis> 
sociation, at 600 to 700°C, may be completely | 
missing because of the oxidation of pyrite. Th 
shape of exothermic oxidation peaks depends on 
the degree of dispersion and particularly on the 
percent content of pyrite in the clay. Figure 6 
presents a series of differential thermal curves 
for mixtures of crushed pyrite and Prosyanovo 
kaolinite. With as little as 0.5% pyrite, the | 
exothermic effect of its oxidation, with a 
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FIGURE 6. Thermal curves 


= kaolinite with 0.5% pyrite; b - kaolinite 
ith 2% pyrite; c - kaolintte with 5% pyrite. 


‘aximum at 410°C, is quite noticeable. It 
idens with the increase of pyrite, and grows 
sore conspicuous; at 2% pyrite, it may be 
istaken for the effect of the oxidation of 
-ganic matter. 

_ To determine the effect of bitumens on the 
ermograms of clay rocks, we carried out 
<periments with mixtures of Prosyanovo 
tolinite and crude oil (Kharkov Oblast), 
neleken ozokerite, and Shor-Su asphalt. 

s shown in Figure 7, the curves so obtained 
-e quite similar to those described above for 
ixtures of kaolinite and humus caustobioliths. 
1ese thermograms also register the well-ex- 
messed exothermic oxidation effect at 320 to 
40°C. This effect is most distinct for oil, 

id weakest for asphalt. The low-temperature 
idothermic effect is missing in these thermo- 
‘ams. The exothermic oxidation maxima for 
e crude oil, at 380°C, appear at 2% of it; 

‘ey appear in the 320 to 325°C range at a 5% 
mntent of either ozokerite or asphalt, despite 
e fact that these two curves were recorded at 
heating rate of 10°C per second. 

\ 


SUMMARY 


f 1. The presence of organic impurities de- 
)rms the differential thermal curves of clay 
inerals; this should be taken into account by 


e students. 
q 


2. In mixtures of clay minerals and organic 
atter of the humus series, the exothermic ef- 
ict of the oxidation (combustion) of organic 
jatter depends on the degree of metamorphism 

organic matter (taking into account the 
»ecific conditions of the experiment) for the 
lowing temperatures: a) peat, maximum at 
)0 to 320°C; b) brown coal, 400 to 420°C; and 
hard coal, 440 to 450°C. 


METHODS OF STUDY 
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FIGURE 7, Thermal curves - 


a - kaolinite with 2% crude oil; b - same with 
10% crude oil; c - kaolinite with 5% ozokerite; 
d - kaolinite with 5% asphalt. 


Considering the dependence of the maximum 
temperatures on various factors related to the 
experimental method, these figures should be 
interpreted as relative rather than absolute. 


3. With a 10% organic content in clay, and 
over, the exothermic effect of oxidation may ex- 
tend up to 700°C and higher, thus completely 
deforming the clay mineral thermal curve. 


4. Mixtures of kaolinite with organic matter 
of peat, brown coal, and to a smaller extent of 
hard coal, show an endothermic effect at 100 to 
235°C, caused by the loss of water of hydration 
and not characteristic of the kaolinite. This 
effect is difficult to identify in the curves for 
bentonite mixtures, because of the superim- 
posed similar effect of bentonite. 


5. Mixtures of clay minerals and organic 
components of petroleum series show an exo- 
thermic effect of oxidation, with maxima in the 
320 to 430°C interval. With a higher organic 
content, the exothermic effect maximum migra- 
tes to a higher temperature range, as is the 
case for humic compounds. Because of the 
higher heat value of petroleum, the exothermic 
effect of its oxidation is 3 to 5 times stronger 
than for the same relative content of ozokerite 
and asphalt. 


6. A0O.5 to 2% addition of pyrite produces a 
strong exothermic effect at 410°C, which widens 
with a higher pyrite content, to look like the 
oxidation effect for organic matter. For this 
reason, all clays carrying organic matter should 
be checked for iron sulfides. 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


SHALES]: Tr. I Soveshch. po termografi., 
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LOSSES TO SCIENCE! 


OLEG DMITRIYEVICH LEVITSKIY 
(OBITUARY)! 


by 


.D. Afanas'yev, G.P. Borisov, K. A. Vlasov, 
‘D:. S. Korzhinskiy, M.F. Mirchink, D. V. 
Nalivkin, Ye. V. Pavlovskiy, A.V. Peyve, 
V.I. Smirnov, N.M. Strakhov, F. V. 
Chukhroy, D.I. Shcherbakov, 
| V.S. Yablokov 
January 24, 1961, the life of O.D. Levitskiy 
ded; he was a discriminating student of ore 
Posits, a master of broad generalization in 
2 geology of rare metals, and an experienced 
.end and adviser of field and mining geo- 
gists. He was the leader of a group of Soviet 
logists dedicated to the creation of a raw- 
aterials base for the tungsten, tin, and other 
re-mineral industries of our country. 


{O.D. Levitskiy was born March 19, 1909, in 
tersburg, to the family of a mining engineer, 
+ graduated from the Geology Department of 
mingrad Mining Institute, 1930. Two years 
fore that, he began his field work by studying, 
er the direction of A. kK. Boldyrev, the 
erlovgorsk ore deposit in eastern Trans- 
kalia. This first contact with the geology of 
re elements determined the career of O. D. 
vitskiy as a life-long student of their com- 

>x nature. This dominant trend of his 

eative life is an example of dedication to a 
igle scientific idea. 


After graduating, O.D. Levitskiy worked as 
exploration party chief in Transbaykalian 
igsten ore deposits. Between 1931 and 1935 
_was entrusted with the responsible job of 
-ecting the Rare Metal Section and then the 
fice of Rare Metals of the East Siberian Geo- 
tical Trust and East Siberian Geological Re- 
arch Institute in Irkutsk. That was the 

itical period of setting up the mineral base of 
» rare metal industry in this country, and 


| 
| 
10leg Dmitrievich Levitskiy, pp. 110-111. 
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O.D. Levitskiy played an important part in its 
creation. Between 1936 and 1938, he held the 

no less responsible position of Chief Geologist 
for the East Siberian Division of the All-Union 
Exploration Organization for Rare Metals. After 
that he was engaged as senior scientist by the 
former Institute of Geologic Sciences, the 
U.S.S.R. Academy of Sciences, in Moscow. 
During the harsh years of the Great Patriotic 
War, O.D. Levitskiy, now an outstanding expert, 
was drafted for the Committee on Geology and 
the U S.S.R. Sovnarkom, where he directed the 
study of rare metals. In 1946, he returned to 
the Institute of Geological Sciences and organized 
a number of scientific studies within the frame- 
work of the East Siberian Expedition, of which 
he was head. He defended his Doctor's thesis 

in 1946 and was awarded the Stalin Prize, First 
Class. He was elected Corresponding Member 
of the Academy of Sciences, U.S.S.R., in 1953. 
In 1956 he was appointed Superintendent of the 
Division of Endogenetic Ore Deposits, Institute 
of the Geology of Metals (I.G. E.M.), Academy 
of Sciences, U.S.S.R., at which position he re- 
mained to the end of his life. 


The scope of field studies by O. D. Levitskiy 
was determined by his interest in the geology of 
tungsten and tin. He worked in the rigorous 
marginal regions of Siberia, east of the Baykal 
meridian, also in the eastern Transbaykal region, 
the Far East and extreme Far East, Inner 
Mongolia, Kamchatka, and the Kuriles; he also 
visited the Altay and Middle Asia. 


His first scientific work on the control of 
optic constants was published in 1929, while he 
was a student. This was followed by a series of 
other works, expert opinions, and consultation 
reports on the geology of rare minerals in the 
eastern U.S.S.R. Some of them have been 
published; the others, perhaps just as important, 
were used by the author in exploration for and 
evaluation of numerous ore deposits. 


The trend and style of the scientific studies 
of O. D. Levitskiy are best reflected in his well- 
known monograph on the geology of West Trans- 
baykalian tungsten deposits, which was his 
Doctor's thesis. Here, the problems of the 
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spatial distribution, and features of the compo- 
sition and structure of various rare metal de- 
posits are considered against the background of 
an excellent description of this most interesting 
ore province of the Soviet Union. Its eleven 
rare metal and tungsten deposits and fields are 
treated with great skill and discrimination, in 
abundant detail revealing their most essential 
geologic and mineralogic features. Having 
evaluated the current theories on the origin of 
high-temperature hydrothermal deposits, O. D. 
Levitskiy presents a new treatment of this sub- 
ject. He differentiates three types of minerali- 
zing magmatic solutions, by the degree of their 
concentration; he traces the path of these solu- 
tions through fractures ‘gradually developed" 
by tectonic deformations; and he identifies the 
nature of interactions between the magmatic 
solutions and lateral rocks, thus formulating 
the first native approach to the geology and geo- 
chemistry of greisens. He voices the bold con- 
cept of a possible opening of veins during min- 
eralization, as the result of an '‘active pene- 
tration of the magmatic solutions themselves." 
He skillfully discriminates between the vein 
filling and replacement processes in the general 
course of mineralization. He stresses the 
feasibility of forming quartz veins out of 
viscous colloidal solutions, basing his conclu- 
sions on theoretical premises as well as on the 
convincing observations which have since be- 
come standard arguments for a hydrothermal 
origin of colloidal mineralization. 


Another, and no less important work of O.D. 
Levitskiy is the chapters in a book on the geo- 
logy of tin, edited by S.S. Smirnov who had a 
high opinion of the scientific qualifications of 
O.D. Levitskiy. In that compendium, Levitskiy 
tin-ore deposits, with a detailed description of 
Cassiterite-quartz formations. He identifies 
four types of tin deposits: greisen, topaz, 
feldspathic, and quartz. O.D. Levitskiy re- 
turned to the idea of endogenetic colloidal min- 
eralization, in 1953, in an interesting essay for 
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a compendium on fundamental problems in the 
theory of magmatic ore deposits. 


In his last years, O.D. Levitskiy was ab- 
sorbed in the study of primary zonation in tin 
veins, its causes, and applications in prospect- 
ing for such deposits. 


The excellence of his scientific study had its 
roots in the broad scope of his geologic interest 
and his skill in perceiving the points of his 
particular interest, in the multiplicity of geo- 
logic phenomena. On the other hand, the re- 
sults of his studies, aside from their impor- 
tance in the geology of rare metals, have sub- 
stantially influenced the progress of general 


geology. 


O. D. Levitskiy was most closely connected _ 
with the field exploration and mining geology 
of rare metal deposits in the eastern part of 
our country. He accomplished much as a con- 
sultant and expert; he was always available to 
local field geologists with whom he studied 
maps and cross sections, and even assisted 
them in microscopic work. He initiated and 
organized a number of conferences. Quite re- 
cently, in 1958, he presided over the All- 
Union conference on methods of exploration for. 
and study of, endogenetic buried ore bodies. 
This conference has contributed much to the 
theory of mineralization and to mining practice. 


For his scientific and practical accomplish- 
ments, O.D. Levitskiy was awarded the Order 
of the Toilers' Red Banner, Order of Red Star, 
and medals. 


The high regard of Soviet geologists, parti- 
cularly the mining geologists, for the ability 
and accomplishments of O. D. Levitskiy is a 
monument to his life and work. 


REVIEWS AND DISCUSSIONS 


"“NEOMOBILISM" AND REGIONAL 
GEOTECTONICS??2 


by 


P.N. Kropotkin 


. Kraus’ "History of the Development of 
sontinents and Oceans", published in the 
'R. (East Germany) and recently put on 
lin the U.S.S.R., is a survey of the re- 

il tectonics of the continents and oceans, 
‘en from the point of view of neomobilism, 
oretical trend which has become in the 
decade leading, if not dominant, abroad. 
interest in neomobilism has grown as a 

lt of the most recent geologic and geo- 
cal studies. Several symposia have been 
shed on continental drift and the migration 
2 poles [ 36, 37]. 


Ologic studies of a number of regions have 
mstrated the great importance and magni- 
of lateral faulting, with movements of as 

' as 100 to 400 km (Scotland, California, 
Zealand, the Pacific) [4]. Recent lateral 
‘ments along certain faults have been 
nstrated by geodetic observations. The 

| of South America and Africa has revealed 
ind striking similarities, not only in the 
‘ture of their sedimentary mantle but in 
recambrian basement as well [ 24, 32], 
-an analysis of Cretaceous paleogeography 
llowed the tracing of initial stages of 

dn in the network of faults along which the 
tic trough appears to have developed [30]. 


‘avimetry and seismic sounding have 

ly demonstrated the absence of continental 
and its granite layer (i.e. , the folded 
nent) in deeper reaches of this trough? 


eomobilizm" i regional'naya geotektonika, 
2-116. 

view of E. Kraus', Die Entwicklungs- , 
cchte der Kontinente und Ozeane. Akademie- 
', Berling, 1959. 


‘h concepts of the structure of the oceanic 
aave not been supported by direct evidence, 
Editorial Board. 
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and have exposed the inconsistency of the 
hypothesis of submerged "intermediate con- 
tinents" in the Atlantic and Indian Oceans [12, 
13]. These features of oceanic structure, 
along with the fact that the assorted folded and 
platform structures of adjacent continents are 
cut off at margins of oceanic troughs, have also 
been noted by Soviet tectonists, in the last ~ 
decade [9, 14, 16, 21]. 


Deep seismic troughs have always aroused 
interest; many authors regard them as modern 
geosynclines (the Kurile-Kamchatka trough, 
etc.). Seismic sounding and a study of their 
relief and associated major negative isostatic 
gravity anomalies have led to a recent concept 
that these troughs, too, were caused by a 
stretching and thinning of the crust; i.e., by 
lateral movements [17, 22]. Finally, the 
study of paleomagnetism, or the residual mag- 
netism in-rocks, has provided additional proof 
of mobilism or "continental drift''[10, 19, 36]. 


Neomobilism is a theory which interprets the 
horizontal displacement of continental blocks, 
not as "free drift" over a plastic mantle, in- 
duced by some unknown outside forces, as A. 
Wegener had it, but rather as a result of the 
very same horizontal and vertical movements 
in subcrustal matter, which are manifested in 
deep-focus earthquakes, in disturbance of iso- 
static equilibrium, etc. According to this con- 
cept, the movement of subcrustal masses, 
somewhat reminiscent of deepseated currents, 
carries along the lighter crustal material, 
piling it up in folds and overthrusts at places 
where these currents meet and flow downward 
(as in zones of deep-focus earthquakes along 
the Pacific periphery); stretching and breaking 
it up, and spreading it about, where the currents 
rise and flow laterally [5]. 


Granted the speculative nature of such a 
concept, it must be admitted that stress 
analysis by the A. V. Vvedenskaya and H. 
Honda, for the earthquake centers, suggests 
the presence of horizontal compression and 
tension, as if corroborating the heterogeneous 
nature of deformation, in accordance with the 
"subcrustal currents" hypothesis. Horizontal 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


compression has been observed in the Hindu 
kush (at a depth of 200 km) and the Japanese and 
Aleutian arcs (at less than 60 km), with hori- 
zontal tension in the Baykal graben zone (L. M. 
Balakina, oral communication; see also [ 2]). 


The neomobilism concept does away with N. 
S. Shatskiy's objections to the Wegener hypoth- 
esis [20]. As pointed out by Ye. N. Lustich, 
the epeirophoresis hypothesis; i.e., a lateral 
shift of the continents, cannot be dismissed in 
the analysis of possible causes for tectonic de- 
formations and the origin of the oceans. ''To be 
sure, the classic theory of mobilism, postulating 
a sial crust gliding over a plastic substratum, 
has been repudiated. However, the assumption 
of a horizontal displacement of entire blocks of 
the sclerosphere, instead of the crust alone, 
eliminates most of the objections to this hypoth- 
esis. This concept of 'neomobilism" is best 
associated with that of convection currents with- 
in ghe crust. It should be noted, however, that 
the convection hypothesis itself faces a number 
of difficulties which have not been overcome, so 
far. Perhaps it should be modified, by assuming 
a differentiation of matter rather than tempera- 
ture variations as the cause of the density 
change" [12]. 


Reviewing this book by such an outstanding 
theoretician and expert in the geology of Europe 
as E. Kraus affords an opportunity to acquaint 
the reader with modern trends in geotectonics, 
abroad, and to demonstrate that the concept of 
horizontal crustal movements is supported by 
regional geologic data and explains the basic 
regularities in the development of geosynclines 
and folded provinces of the continents and 
oceans. 


E. Kraus is the author of well-known works 
on Alpine geology and on the comparative tec- 
tonics of folded provinces [ 34], as well as of a 
number of works developing his theory of sub- 
crustal currents [7]. In the book under review, 
he makes use of his voluminous material; he 
also presents a fairly objective exposition of 
the latest works and views of other authors, in- 
cluding A.D. Arkhangel'skiy, V. A. Obruchev, 
N.S. Shatskiy, and other Soviet geologists. He 
also presents a simplified version of the 1956 
tectonic map of the U.S.S.R. The book is 
slanted toward a wide circle of readers, both 
professional geologists and those interested in 
geology for a broader scientific background, 
and is well written, with many specific examples 
and illustrations. It reflects the present status 
of West European science and touches upon 
various problems in tectonics, stratigraphy, 
volcanism, and geophysics, related to the 
growth of the continents in the process of fold- 
ing, their breaking up in the formation of sec- 
ondary oceanic troughs, and the development of 
the crust as a whole. 


The book is in three parts. Part Oneis a 
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brief presentation of the most important theorie 
of the origin of the earth, and the principal geo: 
tectonic hypotheses: the contraction theory, the > 
"tetrahedral" earth, epeirophoresis according — 
to Wegener and its paleoclimatic and geologic 
substantiations, the R. Schtaub theory of con- 
tinental drift from the pole to the equator, and 
the O. Ampherer theory of subcrustal currents | 
which suggests the causes for major horizontal | 
displacements of crustal blocks. It exposes the 
major fallacies of the contraction theory, its 
failure to explain the tension structures, also 
the uneven distribution of folded zones over the 
earth's surface, the thermal equilibrium of the 
earth, etc. It stresses, with references to 
Soviet studies, differences in orogenic phases 
and cycles, in provinces gravitating toward the 
Atlantic and Pacific. 


Part Two deals on the whole with regional 
tectonics of the continents and oceans, con- 
sidered with an historical approach; this is the : 
gist of the work. Before undertaking such 
analysis, E. Kraus presents the principal geo- 
physical data on the structure of the crust, and: 
the main conclusions on the geosynclinal theory) 
He designates as salsima the so-called basaltic 
or intermediate crustal layer, contrasting it 
with both the granitic (sal or sial) and ultrabasic 
(sima) substrata. According to him, a dif- 
ferentiation of the salsima leads to the fractioné 
tion of granite magma ("‘neosal") which then 
rises and increases the volume of the granite 
layer. Salsima material, rid of these light 
derivatives, forms new ultrabasic bodies 
(‘neosima"'), heavier than either the salsima ox) 
the upper sima layers. The submerged "neo- 
sima" generates subcrustal currents flowing to 
these differentiation zones and forming the 
typical two-sided folded orogenic structure ove 
them. Crustal material appears to be sucked i) 
from both sides to the axial orogenic zones, 
which become a meeting place for the descendi 
branches of subcrustal currents produced by 
convection and gravity differentiation (Figure lif 
In this concept, all thrusts are caused by the 
framework blocks thrust under a growing folded 
structure; it also explains the overturning of 
folds away from the orogenic axis, on either 
side of it (““vergency"), as well as the migrati 
of folding away from the axes of anticlinoria an 
toward their periphery, marginal troughs, and 
intrageosynclines. 


E. Kraus identifies three stages in the de- 
velopment of a geosyncline: 1) the early stage. 
characterized by extension and thinning of the | 
crust, a subsidence of its surface, and the flow 
of basic lava of the so-called “initial magma- 
tism" of Stille (ophiolitic formations, etc. ); 

2) deep orogeny, subdivided in turn into an 

early substage, largely pelagic; and a later on 
or flysch; 3) high orogeny, with the formation 
highlands and troughs filled with molasse. Thi 
views are similar to those of the N.S. Shatskiy 
school with its theory of formations. In this 
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» according to E. Kraus, continental areas 
/extended as the geosynclines are closed up. 


“he author illustrates this process of con- 
fatal growth with examples from the Pre- 
brian Baltic shield; Caledonian, Variscian, 
‘Alpine rocks of Europe; structures of the 
‘can platforms and its accretions in the 
hwest (Atlas) and the south (Cape system); 
ctures in Hindustan, Australia; folded belts 
idonesia and New Guinea; and of South and 
-h America with their folded belts in the 

: (Andes, Rocky Mountains, young geosyn- 
2s of the Pacific coast) and in the east 
jalachians). The structural and historical 
ilarity of the Gondwanaland segments is 
‘hically illustrated by examples from the 

t recent literature. The development of 

§ and of the system of folded belts about the 
pian, Siberian, and Chinese platforms is 
iribed in considerable detail, largely from 
atest Soviet and Chinese sources. It is 
hically demonstrated that the growth of con- 
fital massifs in the course of the develop- 

s: and closing of geosynclines is a process 
enically related to horizontal movements, to 
soression and tightening of the crust in 

jenic zones, and to differentiation proc- 

§s wherein the rising granite magma 

ents these zones, already consolidated 
jiulting. Similarities in the rhythm of 

2ment on either side of the Atlantic, as 

jist its difference from that prevailing in 
*hetis and the Pacific belt, leads E. Kraus 
je idea of mobility of crustal blocks and of 
®)ression replacing the tension throughout 
provinces. This is the conclusion reached 
N. Bubnoff in his essay on crustal move- 
ts [ 26]. 


N 4 N 4 N 4 N~ Poleosima 
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Earth's surface 


Differentiation of the suborogenic hearth, with a 
two-sided structure (the hearth is outlined with dashes) . 


The structure of an orogeny is related to a downward move- 

ment of its roots (feathered arrow); salsima differentiation 

products rise up (neosal, granitic plutonic bodies, subse- 

quent acid to intermediate volcanism, designated by circles) 

and descend (neosima, designated by dots), to generate sub- - 
crustal currents (hypotheon). 


The next part describes just as vividly the 
breaking up of these continental blocks and the 
formation of deep oceanic troughs between the 
now split asunder and separated or stretched 
out continental segments. These views are 
similar to those of B. Gutenberg and other 
foreign scientists [11, 18, 28, 29, 31]; E. 
Kraus supports them with voluminous illustra- 
tive material. 


The geology of continental massifs fringing 
the Atlantic, Indian, and Arctic oceans, as well 
as the history of these basins, their relief and 
seismicity, afford the author an opportunity to 
demonstrate the secondary nature of all those 
three oceanic troughs, formed largely in the 
Mesozoic and Cenozoic. He regards the Pacific 
as a much older, or primary trough fringed 
with folded and volcanic belts which are associ- 
ated with a deepseated crustal current flowing 
from west to east, and with a major ‘equatorial 
shift" traced as early as by G. Stille, from the 
Celebes to the islands of Fiji and Tonga. As 
previously explained by T. Kobayashi [33] and 
S.N. Bubnoff [26], the curve of the island arcs 
has been caused by their easterly drift, parti- 
cularly well expressed in the progress of New 
Zealand and the Mariannas arc toward the 
central Pacific. 


It should be noted that the latest geologic and 
gravity data for the Maritime Province, Korea, 
and Japan, as well as bathymetric and seismic 
data for the Japanese Sea bottom, support these 
views of E. Kraus, S. Bubnoff, and T. Kobayashi. 
The oceanic type of crustal structure, without the 
granite layer, has been discovered in deep 
reaches of the Sea of Japan[1]. The Proterozoic 
and late Hercinian folded structures are broken 
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off across their strike, at the northern rim of 
that trough and are continued only at its opposite 
side, in the Japanese islands. 


E. Kraus associates the curves of the 
Antilles, South Sandwich, and South Orkney Is- 
lands with the same easterly drift and lateral 
faults. The most recent American studies by 
Menard, Rhode, and others, of lateral faults 
and rifts in the Antilles area, appear to support 
this theory. 


Part Three of the book presents the principal 
conclusions. A synthesis of his material sug- 
gests to E. Kraus that the basis of tectonic 
processes lies in a gravity differentiation 
which produces magmatic melts of various com- 
positions and densities, thus bringing forth sub- 
crustal currents, the so-called hyporheon. 
Hyporheon currents result in the typical two- 
sided orogenic structure in geosynclinal pro- 
vinces and in the gentle bulges in platforms. It 
is pertinent to note here that in the Caucasus, 
as cited by the opponents of the two-sided 
orogeny, there is movement in a number of 
places, on either side of the anticlinorial axis 
and away from it [3]. According to E. Kraus, 
the hyporheon convection is associated with a 
deeper and more uniform current, the bathy- 
rheon. This deeper current flows almost 
everywhere from west to east and is manifest 
directly near the surface in the Pacific whose 
trough was initiated, according to him, as a 
result of the breakaway of the Moon, at an early 
stage in development of the Earth. Related to 
the bathyrheon movement is the "equatorial 
shift'' mentioned above. The system of major 
latitudinal rifts recently discovered in the 
Pacific by Menard and others; is evidently 
associated with that; they have been found to be 
lateral faults with horizontal displacements up 
to 260 km [6, 38]. 


A number of objections can be advanced 
against these general conclusions of E. Kraus. 
In the light of modern cosmogonic theories, 
Pickering's hypothesis of the Moon coming out 
of the Pacific can hardly be accepted without 
reservations. The concept of Mesozoic and 
Cenozoic horizontal movements, interpreted in 
the light of the subcrustal movement hypothesis, 
suggests rather the existence of three immense 
provinces of the spreading-out of material: the 
Gondwana, Lawrasian, and Pacific, the latter 
embracing most of the Pacific ocean. It also 
suggests a mass movement toward the periphery 
of these provinces; i.e., to the Thetis and 
Pacific ring geosynclines between them. — Still, 
one Cannot categorically reject the possibility 
of diversified horizontal and vertical move- 
ments at different levels of the crust and at dif- 
ferent "stories" of its differentiation. Evidence 
of horizontal displacements of electrically 
charged masses, near the earth core, and 
reminiscent of the bathyrheon, westward rather 
than eastward, is presented by the so-called 
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"westerly drift" of the earth's magnetic field 
and of the centers of secular changes in its 
intensity, as described in all modern texts on . 
terrestrial magnetism [ 23]. , 


This book by E. Kraus will draw geologists 
attention to the problem of horizontal move- 
ments, hitherto neglected in Soviet literature. 
Therein lies its main value. However, sub- 
crustal movements of the type postulated by th 
author are not necessarily implied by the sur- 
face data. The heterogeneous horizontal move 
ments can be interpreted in other ways, such: 
the pulsation hypothesis of M. A. Usov, V.A. 
Obruchev, and W. Bucher [8, 15, 27]. This 
hypothesis relates the folding to transverse 
compression of geosynclinal belts, during the 
earth's contraction phases; and the formation 
of grabens and genetically related troughs 
(apparently including the ''secondary"™ oceanic 
troughs with their crust stretched or torn 
apart), on earth's expansion phases. ‘Thus, t 
pulsation hypothesis postulates a differential 
reaction of the various tectonic zones to alterr 
ting compression and tension, with a corollary 
of considerable displacement of crustal blocks 
from zones of extension to those of compressi. 
i.e., to the incipient folded zones. 
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Shevshenko, S.P., O pryamykh metodakh 
poiskov mestorozhdeniy nefti i gaza. 
[ DIRECT METHODS OF SEARCH FOR 
OIL AND GAS]: Geol. nefti i gaza, no. 2. 


Shcherbakov, Yu.G., Zakonomernosti 
zolotoorudeneniya v Severo-Vostochnom 
Altaye i smezhnykh rayonakh Kuznetskogo 
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Alatau. [REGULARITIES IN GOLD MIN 
ERALIZATION IN NORTHEASTERN 
ALTAY AND ADJACENT REGIONS OF 
KUZNETSK ALATAU]: Geol. i geofiz. ,, 
Sib. otd. Akad. Nauk SSSR, no. 12, 1965) 


vydelenii ob" yektov oprobovaniya v kar~ 
bonatnykh porodakh paleozoya. [SELEC 
TION OF TESTING OBJECTS IN PALEG- 
ZOIC CARBONATE ROCKS]: Novosti 
neft. i gazovoy tekhniki, no. l. 


zony vliyaniya pavodka reki na gruntovy) 
vody. [DETERMINING THE WIDTH OF: 
THE FLOOD PLAIN ZONE AFFECTING 
GROUND WATER]: Doklady, Akad. Na’ 
BSSR yy & (9s) BOM 


Dublyanskiy, V.N., Krasnaya peshchera‘ 
[THE RED CAVERN]: Priroda, no. 1. . 


Zhuravlev, M.V., K voprosu 0 solevom 
sostave vody Mingechaurskogo vodo- 
khranilishcha. [SALT COMPOSITION C! 
WATERS IN THE MINGECHAUR WATE!) 
STORAGE RESERVOIR]: Doklady, Aka: 
Nauk AzerbSSR, t. 16, no. 9, 1960. 


Sukharev, G.M., O vodakh mezozoyski 
otlozheniy Kavkaza v svyazi s otsenkoy * 
perspektiv neftegazonosnosti. [WATER 
IN THE CAUCASIAN MESOZOIC DE- 
POSITS, IN CONNECTION WITH THEIF# 
OIL AND GAS PROSPECTS]: Geol. neft 
i gaza, no. 2. 


B. Articles in "Materials", Trudy", 
“Uchenyye Zapiski", and "Sborniki" 


Voprosy geologii vostrochnoy okrainy 
Russkoy platformy i Yuzhnogo Urala. 


[Problems in the Geology of the Easteri 
Margin of the Russian Platform and 
Southern Urals]: 5, Ufa, 1960, 202 pp. 
Partial contents: Yakhimovich, V.L., 
Problems of the lower boundary of the 
Quaternary (Anthropogene), in the 
Bashkirian Pre-Urals; Dorofeyev, P.I.,\| 
Pliocene flora of Bashkirian Pre-Urals; « 
Nemkova, V.K., Spore-pollen descripti 
of Kinel deposits (in the Khabarovsk 
brown-coal field, Orenburg Oblast; 
Nemkova, V.K., Kinel floras along Ufa 
River; Kolesnikova, T.D., A new findi 
of Neogene flora in the Bashkirian Pre-}| 
Urals; Chiguryayeva, A. A., Pliocene 
vegetation in the southeastern part of t 
European USSR; Vakhrushev, G.V., Fi 
ings of fish imprints in Pliocene deposi 
of Bashkirian Pre-Urals; Dorofeyev, P. 
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Pleistocene floras of the North Caspian 
Region; Chiguryayeva, A.A., Ye. A. 
Skidanova, and V.L. Yakhimovich, Data 
on the Middle Pleistocene flora in the 
southeastern part of the European USSR; 
Chiguryayeva, A. A., Microspores from 
a horizon with bones of a wild boar (Sus 
scrofa Z.), by the Minueshta Creek, _ 
Western Bashkiria; Voronina, I. G. z 
Identification of Pleistocene Alder, by 
its pollen; Yakhimovich, N.N., Finding 
of Parelephas trogontherii (Pohl) on 
Sukhaila River; Shokurov, A.P., and O. 
N. Bader, A Paleolithic site on Belaya 
River; Kirilina, S.V., Mollusks from 
lower terraces of Bashkirian Pre-Urals; 
Vakhrushev, G. V., The origin and age 
of certain boulder-pebble deposits in the 
Bashkirian Pre-Urals; Yakhimovich, V. 
L., The age of high river terraces and 
denudation surfaces in the Bashkirian Pre- 
Urals (Sakmara-Bel'sk watershed). 


Materialy VSEGEI, [ Material of the All- 
Union Geological Institute]: new ser., 


40, Leningrad, 1960, 188 pp. Contents: 
Apenko, A.M., G.V. Matveyeva, and 


M.1I. Plotnikova, Discovery of diamonds 
in Timan and the prospects for diamond 
exploration; Gnevushev, M.A., V.A. 
Yefremov, and Ya. R. Pakhlo, Findings 

of pyrope in the upper course of Dnestr; 
Umanets, V.N., Ancient oxidized zone 

On traprock in the eastern part of the 
Siberian platform; Artsybasheva, T.F., 
Massive kimberlite in the Alakit River 
basin (Western Yakutia); Sarsadskikh, 
N.N., V.S. Rovsha, and V. A. Blagul'kina, 
Mineral inclusions in pyrope peridotite 
from kimberlite of the Daldyn-Alakit 
diamond region; Grum-Grzhimaylo, C.V., 
and V.S. Rovsha, Coloring in minerals 
associated with diamond; Tarakhovskiy, 
A.N., A new variety of melilite-bearing 
rocks in the White Sea coastal region; 
Futergendler, S.I., X-ray study of solid 
inclusions in the Uralian and Yakutian 
diamonds; Gnevushev, M.A., and Ya. M. 
Kravtsov, The composition of impurities 
in Uralian and Yakutian diamonds; Nardov, 
Vv. V., Certain morphologic features of di- 
amonds in the light of the mechanism of 
their growth and dissolution; Titova, V.M., 
The rhombic pattern of surface fractures 
in rounded diamond crystals; Gomon, G.O., 
Absorption and luminescence in diamonds; 
Gomon, G.O., The results of study of cer- 
tain physical features of diamond; Razumi- 
khin, N. V., Distribution of diamonds in the 
longitudinal and transverse sections of a 
placer; Umanets, V.N., and M.I. Plotni- 
kova, Optimum conditions of slurry wash- 
ing in prospecting for diamonds; Kravtsov, 
Ya.M., V.N. Provotorov, and N.N. Sar- 
sadskikh, Determining the specific gravity 
of minerals in single grains. 
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3. Same, 44, Leningrad, 1960, 143 pp. Con- 


tents: Pisarchik, Ya.K., Relationship 
between the Verkholensk formation and 
the underlying section, in the Irkutsk 
Amphitheatre; Kolyun, M.N., An ancient 
oxidized zone in the Precambrian of the 
southern part of the Siberian platform; 
Librovich, V.L., Origin of Ordovician 
Red Beds in the Irkutsk Amphitheatre; 
Malich, N.S., Origin of structures in the 
basins of Podkamennaya Tungus and 
Bakhta rivers; Dragunov, V.I., The trans- 
Siberian transverse disturbance; Polunina, 
L. A., and M.A. Afanas'yeva, Traprocks 
in the lower course of the Nizhnyaya 
Tunguska; Baskov, Ye. A _, Some problems 
in paleohydrogeology of the Yakutian 
Artesian basin; Razumovskaya, Ye. E., 
Potassium prospects in the Siberian plat- 
from; Tikhomirova, N. Ya., Distribution 
of Titaniferous minerals in Lower and 
Middle Cambrian deposits of the Irkutsk 
Amphitheatre; Baskov, Ye. A., and A.A. 
Roznikov, Ore showings in Cambrian de- 
posits of the Aldan River valley. 


4. Materialy Karpato-Balkanskoy assotsiatsii. 


Material of the Carpatho-Balkan Associa- 
tion]: No. 2, Kiev, 1960, 148 pp. Con- 
tents: Ladyzhenskiy, N.R., Oil and gas 
in Soviet Carpathians; Porfir'yev, V.B., 
New ideas in the field of petroleum geo- 
logy; Sadetski-Kardosh, E., The problem 
of volcanic Carpathians in the light of a 
new classification of extrusive rocks; 
Dzhyushke, D., Evolution of volcanism in 
the Baya-Mare area; Savul, M., and A. 
Movilyanu, Manganese, copper, zinc, and 
lead — dispersed elements in crystalline 
schist of the Eastern Carpathians; Savul, 
M., and V. Yanovich, The chemistry of 
limestones and dolomites in the Eastern 
Carpathians; Islavskiy, Ya., and I. 
Chilik, Metallogenic development of the 
Eastern Carpathians; Zielinski, I.1., 
Problem poszukiwan faldow wglebnych 

w rejonie na poludnie od Przemysia. 


5. Materialy po geologii i poleznym iskopay- 
emym Yakutskoy ASSR. [Material on the 


Geology and Industrial Minerals of the 
Yakutian ASSR]: 4, Yakutsk, 1961, 104 
Contents: Shtech, G.I., Deep-seated 
tectonics of the Vilyuy trough; Levina, 
A.P., Geomorphology of the Malo- 
Botuobiya diamond area; Mitt, K.L., 
Polar land-creep colluvial deposits in the 
Anabar-Olenek watershed Tundra; Blishov- 
skiy, V. Z., and Yudovich, Ya. E., Origin 
of amphibolite in the central part of the 
Tas-Khayakhtakh range; Fatkulin, A.K., 
A brief mineralogic description of diamond- 
bearing deposits in the Lower Liassic 
Irelyakh facies, in the "Mir" vent area; 
Popov, L.N., Specific features of Upper 
Triassic and Jurassic deposition in the 
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Tobychan River basin; Musalitin, L.A., 
Identification of the Bylykat, Sobopol, and 
Khaldan formations in Upper Paleozoic 
section of the Sobopol River basin; Leip- 
zig, A.V., K.F. Klyzhko, and M. P. 
Khobat, Stratigraphy of Lower Jurassic 
deposits in the western Upper Yana re- 
gion; Gornshteyn, D.K., and Yu. S. 
Nakhabtsev, The age of the sub-red bed 
formation; Nakhabtsev, Yu.S., Strati- 
graphic position of the Tolbinsk forma- 
tion in Lower Paleozoic section; Popov, 
L.N., Relationship of the two granite 
varieties in the Chimalgin Massif. 


Prikladnaya geofizika. [Applied Geo- 
physics]: 4, Moscow, 1900, 204 pp. 


Partial contents: Blikhin, P.A., Yu.N. 
Godin, S.S. Yefimkina, and T.I. Shur- 
shayeva, The search for reef massifs; 
Buryakovskiy, L. A., Determining the 
clay content and permeability in reser- 
voirs, by their natural radioactivity; 
Eydman, I.E., and S. Finkelstein, De- 
termining the reservoir properties of 
carbonate rocks by geophysical methods. 


7. Razvedochanaya i promyslovaya geofizika. 
[ Exploration and Oil Field Geophysics & 
38, Moscow, 1960, 115 pp. Partial con- 
tents: Zimelson, I.O., Geologic inter- 
pretation of local gravity anomalies in 
the Apsheron Province and adjacent areas 
of the Caspian coast; Shvank, O. A., De- 
termining the nature of a fault from 
gravity data; Borodulin, M.I., and S. L. 
Sheinkman, A method of studying the 
elastic properties of rocks; Popov, V.K., 
and V.M. Nemtse-Petrovskiy, Lithologic 
factor in determining gas saturation of 
rocks from oil field geophysical data. 


8. Trudy VNIGNI. [Works of the All-Union 


Geologic Exploration Institute for 
Petroleum Industry]: 29, Leningrad, 

1961, 175 pp. Contents: Sazonov, N.T., 
A unified stratigraphic scheme for Juras- 
sic deposits in the Russian platform 
(project); Krymgolts, G. Ya., Correlation 
of Jurassic deposits in the North Cau- 
casus and Russian platform; Mikhaylov, 
N.P., A zonal differentiation of the 

lower Volgian stage and its correlation 
with Bononian and Portlandian of North- 
western Europe; Ayzenstadt, Ye. K., 
Stratigraphy of Lower and Middle Jurassic 
deposits in the South Emba oil region; 
Ivanov, A.N., The basis for stratigraphic 
differentiations of Jurassic and Cretaceous 
deposits in Saratovskaya oblast (the 
Saratov Volga region and the Northwestern 
part of the North Caspian depression); 
Malyutina, Z.A., Middle Jurassic deposits 
of the Orsk Urals; Mityanina, I. V., Strati- 
graphic differentiation of Jurassic deposits 
in Belorussia; Grigelis, A. A., Stratigraphic 
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column of Jurassic deposits in the South 
Baltic region; Yamnichenko, I. M., 
Stratigraphy of Jurassic deposits on the 
northwestern margins of the Donbas and 
Dnepr-Donets trough, in the light of the 
most recent data; Makridin, V.P., Ye. 
Ye. Migacheva, and V.P. Strelin, Some 
controversial points in stratigraphy; 
Blank, M.I., Jurassic deposits in the 
eastern part of the Dnepr-Donets trough 
and the northwestern margin of the Donets 
ridge; Kanskiy, N. Ye., The value of 
lithologic and mineral correlatives in the 
stratigraphy of the Donets Jurassic; 
Shaykin, I. M., Electric logging in the 
study and differentiation of Mesozoic 
sediments in the Dnepr-Donets trough; 
Dobrynina, V. Ya., Jurassic deposits in 
the southwestern part of the Russian plat- 
from and the Pre-Carpathian marginal 
trough; Anastas'yeva, O.M., O.S. Vyalov, — 
and Ya. M. Sandler, Stratigraphy of Juras- 
sic deposits in the southwestern margin 

of the Russian platform, and Pre-Carpath- 
ian trough; Dibner, V.D., Stratigraphy of 
Jurassic deposits in Franz-Josef Land; 
Makridin, V.P., Stratigraphic value of 
brachiopods from Jurassic deposits in the 
Russian platform. 


9. Trudy Instituta geologii Akad. Nauk Turkm. 
SSR. | Works of the Geological Institute, 
Academy of Sciences, Turkmenian SSR]: 


vol. 3, Ashkhabad, 1960, 305 pp. Con- 
tents: Dmitriyev, A. V., Oysters from 
the Suzak beds of the Manysh syncline; 
Dmitriyev, A. V., Paleogene oysters in 
Badkhyz; Krivenkov, A. M., Microfauna 
in aeolian sands of the Karabogaz region; 
Amurskiy, G.I., Some problems in the 
structure of the Karakum formation; 
Shumakov, Yu. V., The structure of upper 
quaternary and present deltas of the Amu 
Dar'ya and the rhythm in delta making; 
Tiunov, K.V., Quaternary deposits in the 
Bol'shoy Balakhan and adjacent areas; 
Valbe, S.P., Yu.G. Kir'yanov, and L.N. 
Smirnov, Tectonics of the eastern Kopet- 
Dag foothills and their oil and gas pro- 
spects; Ayzberg, R. Ye., Correlation of 
Upper Jurassic and Lower Cretaceous de- 
posits in the Kelif Uzboy and southwestern 
prongs of the Hissar range; Sabbatovskiy, 
G. K., The value of K.P. Kalitskiy's work 
in the knowledge of the geology of Turk- 
menian oil fields; Khanov, S., Certain 
regularities in the distribution of oil and 
ozokerite in Cheleken Peninsula; Badalov, 
S.T., Mineral, geochemical and genetic 
features of the Kugitant Tau range ore 
deposits; Kuliyev, A., The effect of 
lateral rocks on the localization of ores 
in the Kugitang deposits; Krivenkov, A.M., 
Sand massifs of the Karabogaz region; 
Kaldarov, M.K., Ground waters in cen- 
tral Transunguz region; Mal'tsev, L.M., 
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Formation waters of Pliocene deposits in 
the Nebitdag fold. 


Trudy kuybyshevskogo nauchno-issledo- 
vatel'skogo instituta neftyanov promy- 
Suletset af Wor Lael tre-Resbecter 
Institute of Petroleum Industry]. 1, 
Kuybyshev, 1960, 376 pp. Contents: 
Lobov, V. A., Devonian and Carboniferous 
gas prospects in the Kuybyshevskaya and 
Orenburgskaya oblasts; Yegorova, L. Z., 
Composition of crystalline basement rocks 
and ancient barren sequences in the 
Kuybyshev Transvolga region and adjacent 
areas of the Orenburgskaya Oblast; Yago- 
farov, E. Kh., Clay minerals in the terri- 
genous Lower Carboniferous section of 
northeastern Tataria; Prolove, Ye.K., 
Petrography of Lower Permian deposits in 
the Kuybyshev Volga region; Kondulukova, 
V.V., Differentiation of the Vereya unit, 
by Foraminifera, in the Kuybyshevskaya 
and Orenburgskaya oblasts; Kondulukova, 
V.V., Stratigraphic differentiation of the 
carbonate interval in the Tournaisian of 
the Kama-Kinel trough; Rybakov, F.F., 
Stratigraphy, facies, and paleogeography 
of Permian deposits in the Kuybyshevskaya 
and Orenburgskaya oblasts, with refer- 
ence to the three subdivisions of the 
Permian; Alekseyev, G.I. , Geologic 
structure of the Buzuluk stratigraphic 
test area; Lobova, G. V., Some new 
species of ostracods from the Devonian 
of the Kuybyshevskaya and Orenburgskaya 
oblasts; Palant, I.B., New species of 
ostracods from the Malinovsk beds, 
Kinel-Cherkassy area, Kuybyshevskaya 
oblast; Semenova, Ye.G., New species 
of genus Plicochonetes occurring in the 
Vereya unit, Kuybyshevskaya and Oren- 
burgskaya oblasts; Alekseyava, G.E., 
New species of fulsulinids from Upper 
Carboniferous deposits of the Kuybyshev- 
skaya oblast; Alekseyeva, G &., Strati- 


graphic significance of Quasifusulina 
longissima (Moell. ) var. elongata Schyk. ; 


Weinbaum, S. Ya., Geochemical facies of 
the Kuybyshevskaya oblast Paleozoic, in 
connection with the formation of oil; 
Weinbaum, S.Ya., Reducing capacity as 
a criterion of epigenetic changes in rocks; 
Weinbaum, S. Ya., and V. M. II]'inskaya, 
Oxidation-reduction activity of Upper 
Devonian rocks in the Kuybyshevskaya 
oblast; Zeidelson, M.I., and Chistovskiy, 
A.I., The gas component of formation 
waters in the Paleozoic of the Kuybyshev 
Volga petroleum region, in connection 
with the origin of oil and gas fields; 
Zeidelson, M.I., Hydogeology of horizon 
Bo in the Pokrovsk oil field, in connection 
with the origin of oil fields; Kozin, A.N., 
The role of hydrochemical indexes in 
evaluating oil prospects under platform 
conditions, in the Kuybyshev Volga region; 
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Kozin, A. N., Changes in the mineraliza- 
tion and composition of formation waters 
in productive horizons, in the exploitation 
of the Samarskaya Luka oil fields; Kozin, 
A.N., The content of sulfate ions and 
hydrogen sulfide as a function of the 
calcium content in formation waters of 
the Kuybyshev Volga region oil fields; 
Lobov, V. A., Geothermal conditions of 
the Middle Volga region; Barkhatova, Z. 
S., and S8.B. Pavel'yev, Geologic effectiv- 
ness of the d2Ga/dz2 maps; Yelanskiy, 
L.N., On the study of physical properties 
of rocks from the Kuybyshev Transvolga 
region; Yelanskiy, L.N., Surface struc- 
ture of Precambrian basement on the 
southeast margin of the Russian platform; 
Pavel'yev, S.V., Non-harmonic periodic 
functions in seismic exploration; Chalikova, 
Ye. K., Seismic tracing of thick Lower 
Carboniferous sections; Boyarov, A.T., 
Rock resistivity as a function of the con- 
centration of saturating solutions. _ 


11. Trudy Laboratorii vulkanologii Akad. Nauk 
SSSR. | Works of the Volcanology 


Laboratory, Academy of Sciences, 

tents: Bogoyavlenskaya, G. Ye., Volcano 
Bezymyannyy in Kamchatka and its agglo- 
merate flow; Svyatolovskiy, A. Ye., Vol- 
cano Ichinsk in the Sredinnyy Kamchatka 
range (outline of structure); Marenina, T. 
Yu. , Volcano Opala in Kamchatka; 
Tikhonov, V.I., and V.A. Kitay, Certain 
regularities in the geologic structure of the 
Shapochka volcanic cone in Kamchatka; 
Ehrlich, E.N., The most recent volcanism 
in the Tikhaya River basin and Anaun 
volcano, Kamchatka; Sirin, A.N., Geo- 
morphology and the most recent tectonics 
in the Paratun Valley, Kamchatka; Lebedin- 
skiy, V.1., The Datum group of Quaternary 
volcanoes, China; Naboko, S.1I., and V. 

G. Sil'nichenko, The Gauss volcano in 
Antarctica; Maleyev, Ye. F., The Kuchava- 
Bystritsa group of volcanoes in Trans- 
carpathia; Piotrovskaya, T. Yu., Quater- 
nary volcanism in the Vygorlyat-Gutin 
volcanic ridge (Transcarpathia); Aver'yev, 
V.V., Dynamic features of thermal 

wells; Naboko, S.1., and V.G. Sil'nichenko, 
Metamorphism of interacting hydrothermal 
solutions and volcanic rocks; Ovchinnikov, 
A.M., Thermal springs in Bulgaria; 
Naboko, S.I., and V.G. Sil'nichenko, The 
role of carbon dioxide in Post-Volcanic 
processes. 


Trudy Laboratorii gidrogeologii Akad. 
Nauk SSSR. [Works of the Hydrogeology 
Laboratory, Academy of Sciences, USSR]: 
vol. 30, Moscow, 1960, 119 pp. Contents: 
Balashov, L.S., The two genetic classes 
of saline waters in sedimentary deposits; 
Bogomolov, G. V., Ground water as an 
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exploration criterion and a possible 
source of rare elements; Makarenko, F. 
A., The source and magnitude of salt 
accumulation in Uzboy; Tageyeva, N.V., 
and M. M. Tikhomirova, Determining 

the exchange cations in Caspian sedi- 
ments; Kolodyazhnaya, A. A., Some data 
on the source of COg in Karst limestones; 
Voznesenskaya, Ye. F., Ground waters in 
the Bol'shoy and Malyy Kushums basin; 
Tetsman, G.N., Fedorova, T.K., and 
A.S. Dubil'yer, Hydrogeologic differ - 
entiation in the southeastern part of the 
Russian platform; Nikolayev, V.M., 
Ground water in Maykopian deposits of 
the Terek-Sunzha oil province; Pokrov- 
skiy, V. A., Thermal waters in the 
European USSR; Dzhibuti, S.S., A few 
data on geothermy of the West Turkmenian 
artesian basin; Titova, Ye. A., Thermal 
conditions of the Sochi-Matsestin artesian 
basin. 


13. Trudy Sverdlovskogo Gornogo Instituta. 

[ Works of the Sverdlovsk Mining In- 

stitute]: 37, Moscow, 1960, 235 pp. 
Contents: Kutyukhin, P.J., A. P. Nasedkin, 
and P.S. Pryamonosov, Geology of the 
eastern greenstone belt in the Kirovgrad 
area and its ore prospects; Podsosova, L. 
L., A study of accessory minerals in 
rocks of the eastern greenstone belt, 
Kirovgrad area; Malakhov, A. A., and 
D.I. Bulatov, Composition of the Baykal 
carbonate iron ores; Chernousov, Ya. M., 
The quality of Mesozoic coals from the 
east slope of the Middle and Northern 
Urals; Knyazev, V.A., Correlation of 
coal beds in the Bogoslov and Veselovsk 
deposits, by spectrum analysis; Trifonov, 
V.P., Efficient classification of placers; 
Shcheglova-Borodina, O.N., A few data 
on the stratigraphy of Upper Cretaceous 
and Paleogene deposits in the Turgay 
plateau; Sapel'nikov, V.P., New penta- 
meracea from silurian deposits of the 
Severoural'sk district, Sverdlovskaya 
oblast; Loburtsev, I.S., Origin of the 
Sverdlovsk group of lakes; Shabalina, N. 
S., Hydrogeologic conditions of manganese 
deposits in Northern Urals; Valiullina, R. 
T., Stratigraphy of the Omsk syncline; 
Vertushkov, G.N., Alpine type veins; 
Chesnokov, B. V., Comparative descrip- 
tion of the physical properties of crystal- 
line and metamictic pyrochlores from 
Vishnevyye Mountains; Pryamonosov, P. 
S., New findings of amphibole-asbestos 
in the Kirovgrad area; Isakov, M.G., 
Amazonite from Vishnevyye Mountains; 
Svyazhin, N. V., Two zeolites from 
Mochalin Log (in the South Terminal of 
Vishnevyye Mountains alkalic massif). 


mineral'nogo syr'ya M-va geologii i 
okhrany nedr SSSR. [ Works of Siberian 


Institute of Geology, Geophysics, and : 


Mineral Raw Material, Ministry of Geo- 
logy and Mineral Conservation, USSR l: 
13, Moscow, 1960, 152 pp. Contents: 


Vasil'kovskiy, N.P., The theory of geo- 
synclines in the light of modern geology; 
Arustamoy, A.A., The initial or early 
metamorphism of sedimentary rocks; 
Predtechenskiy, A. A., An ancient uplift 
in southern Siberia (in connection with the 
"ancient crown of Asia‘); Vasil'kovskiy, 
N.P., Geologic significance of changes in 
level of the world ocean; Mikutskiy, S.P., 
Stratigraphy of Pre-Upper Paleozoic de- 
posits in the Yenisey portion of the 
Siberian platform; Sennikov, V.M., 
Stratigraphy of Devonian deposits and 
Upper Devonian volcanism in the Uymen- 
Lebed synclinorium (Gornyy Altay); 
Belousov, A. F., and V. M. Sennikov, 

The Cambrian in northeastern Altay; 
Kutukov, A. V., The formation conditions 
of the Balakhon series in the Zalomnensk 
depression, Kuzbas, in connection with 
the search for oil and gas. 


15. Trudy Tadzhikskogo universiteta. [Works 
of the Tadzhik University]: vol. 28, 1, 


Stalinabad, 1960, 155 pp. Contents: 
Yusupova, S.M., Mineralogic and petro- 
graphic characteristics of the Khangon 
Gorge clays; Shestakov, V.A., Specifica- 
tions for cokingscoals slurry from their 
petrographic composition; Proskurko, A. 
I. , Geology of intrusions in the Transition 
Province between the Rushansk and North 
Alichur (Bazardarin) ranges and the 
central and southeastern Pamirs; Khasanoy, | 
A. Kh., Origin of red granites in con- 
nection with postmagmatic processes in the 
Hissar plutonic body; Chediya, O.K., and 
V.A. Vasil'yev, The nature and age of 
ancient glaciation on the north slope of the 
Peter I Range; Poletayev, I. K., Hydrogeo- 
logic conditions and the effect of the 
irrigation network and areas on the water 
table in the Ak-Gazinsk plateau; Chediya, 
O. K., The most recent volcanism in the 
Iman River basin (Middle Sikhote-Alin). 


16. Trudy Tsentral'nogo nauchno-issledo- 


vatel’skogo gornorazvedochnogo instituta 
(TsNIGRI). Works of the Central Mining- — 
Exploration Institute]: 39, Moscow, 1960, 
78 pp. Partial contents: Fer'yanchich, 

F. A., Working out the method of mass 
determination of small amounts of 

niobium, tantalum, and rare earths, in 
large samples; Kovaleva, O.I., Geology 

of the Tal'mak-Kherpuchi watershed and 
the relationship between extrusive rocks 
and gold mineralization. 


14. Trudy Sibirskogo nauchno-issledovatel' - 


Skogo institute geologii, geofiziki i 17. Uchenyye Zapiski Azerbaydzhanskogo 
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‘versiteta. [Academic reports of 


_ Contents: Mamedov, Sh.N.. G.G. 
mikyan, and B. A. Osipova, Tectonics 


stern part of the Kirovabad petroleum 


\M. , Hydrogeology of Mugan steppe; 
yev, A.G., and V.P. Akayeva, Litho- 
sy of Azerbaydzhanian molasse; 
hmedbeyli, F.S., Mesozoic outcrops 
“the south foothill zone of the Greater 


erbaydzhanian University, Geol. - 
ogr. Series]: No. 4, Baku, 1960, 100 
Upper Cretaceous deposits in the south- 


fovince, from seismic data; Suleymanov, 
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Caucasus; Museibov, M.A., Tectonic plan 
of the Kura-lora watershed, as reflected 
in present relief; Mamedov, A. V. , and Kh. 
S. Dzabarova, Stratigraphy of Lower and 
Middle Sarmatian deposits in the Molladag 
area (Kura-lora watershed), from fauna and 
spore-pollen analysis; Akhmedov, G. A., 
M.M. Zaynalov, R.G. Sultanov, and E. A. 
Tagiyev, Correlation of productive sections 
in Apsheron and southeastern Kobystan; 
Bektashi, S. A., Fracturing in the contact 
metasomatic belt in the southwest of the 
Mergi -Ordubad batholith. 


CHRONICLE 


THE SEARCH FOR THE TUNGUSKA 
METEORITE! 


An unusual natural phenomenon, the fall of 
the Tunguska meteorite, was witnessed over 
50 years ago (June 30, 1908) in the Podkamen- 
naya Tunguska area. A study of that area was 
not undertaken until 1927, nineteen years later, 
under conditions different from those of 1908. 
L.A. Kulik observed a mass fall of timber, 
within a radius of over 10 km, but no tangible 
evidence of the meteorite. Subsequent search 
by other students has also been fruitless; no 
evidence of the meteorite, either on the sur- 
face or at depth, has been uncovered. 


There is indirect evidence, such as the 
testimony of eyewirnesses who heard a mighty 
explosion, also such facts as the radial fall of 
timber, radiation burns on trees, etc., which 
supplied material for the more or less logical 
hypotheses on the nature of this hitherto un- 
explained phenomenon (for more details, see 
V.G. Fesenko and Ye. L. Krinov, ''New In- 
formation on the Tunguska Meteorite", Vestnik 
Akad. Nauk SSSR, no. 12, 1960). 


Because of its very mystery, the so-called 
fall of the Tunguska meteorite continues to 
intrigue scientists in various fields. Among 
them was the late Professor of Moscow Institute 
of Forestry Nikolay Sergeyevich Vetchinkin 
(who died in August of 1960) sent to this maga- 
zine, shortly before his death, two articles: 

1) "Search For the Tunguska Meteorite", and 
2) "The Three Explosions Caused by the Fall of 
the Tunguska Meteorite". 


As a token of esteem to his memory, the 
editors deem it pertinent to present a summary 
of N.S. Vetchinkin's views. In his detailed 
analysis of what is known of the meteorite's 
fall and of the present conditions of the area, 
he concludes that the meteorite's velocity at the 


1Poiskakh Tungusskogo meteorita, p. 127. 


instant of impact was not over 3.5 km/sec. 
Consequently, it could not have been vaporized 
completely, as is believed by the members of th 
Committee on Meteorites, on the basis of the 
1958 study. 


N.S. Vetchinkin believed that some portion 
of the Tunguska meteorite had dug in to a cer- 
tain depth. According to him, this hypothesis 
explains satisfactorily the explosions he descri 
describes in his second article. He believes 
that magnetometric and gravimetric studies 
should be carried out from a helicopter. In 
analogy with the geophysical study of the Arizona) 
meteorite crater, such an experiment will pro- — 
vide a reliable check of the hypothesis of a 
buried portion of the Tunguska meteorite. 


THE ACADEMICIAN F. YU. LOEWINSON- 
LESSING MEMORIAL? 


The hundredth birthday anniversary of 
Academician Franz Yul'yevich Loewinson- 
Lessing, an outstanding Soviet petrographer and 
scientist, was marked by a symposium on the 
Problem of Magma and the Origin of Extrusive 
Rocks, held in Moscow, March 15-17, 1961. 


Participating were the Section of Geologic 
and Geographic Sciences, Academy of Sciences, 
U.S.S.R.; Institute of the Geology of Ore De- 
posits, Petrography, Mineralogy, and Geo- 
chemistry, together with the Volcanology 
Laboratory, Academy of Sciences U.S.S.R.; 
Geology Department of the M. V. Lomonosov 
Moscow University; the S. Ordzhonikidze 
Moscow Geologic Exploration Institute; the 
Chair of Petrography at the M.I. Kalinin Instit- 
ute of Nonferrous Metals and Gold; and the 
Moscow Society of Nature Students, 


The symposium aroused the great interest 
of many scientific workers of Moscow and other | 


2Pamyati akademika F. Yu. Levinson- Lessinga, ‘ 
pp. 127-128. 


4 
lies, who attended the meetings. The follow- 
. - papers were read: 

i 


1. Ye.K. Ustiyev: "Academician F, Yu. 
/ewinson-Lessing and Modern Petrography”. 


'2. A.S. Ginzburg: "Academician F. Yu. 
/ewinson-Lessing, One of the Founders of 
jysicochemical and Experimental Petro- 


3. S,I. Naboko: “The Value of Works of 
/Yu. Loewinson-Lessing in the Organization 
{1 Development of Volcanologic Studies". 


"The Problem of 


/5. V.P. Petrov: "Importance of Magmatic 
fferentiation In the Formation of Igneous 


/6. Professor Ye. A. Kuznetsov: 'New Con- 
butions to Our Knowledge and Concepts of 
oblems Dealt with In Loewinson-Lessing's 
‘ticles, 'The Problems of Magma’."' 

7. V.V. Shcherbina: "Acidity of Magmatic 
elts in the Light of Hydrogen-Free Acids". 


8. N.I. Khitrov: "Relationship Between 
ater and FeO/Fe2O3 In a Basic Melt". 


9. N.P. Semenenko, of the Ukrainian 
IS.R. Academy of Sciences: "Petrochemi- 
icy, A Basis For Classification of Igneous 


10. G.D. Afanas'yev, Corresponding 
. of the U.S.S.R. Academy of Sci- 
s: ''On the Problem of Granite". 


}11. Yu.A. Kuznetsov, Corresponding 
ember of the U.S.S.R. Academy of Sci- 
ices: ‘Types of Igneous Rock Associations 
volving Granitic Rocks, and the Origin of 
-anite and Granitic Magmas". 


'12. G.V. Pinus: "Origin of Magma Form- 
'z Gabbro-Plagiogranite Rocks (in Tuva)". 
13. O.A. Vorob'yeva: ‘The Problem of 
kaline Igneous Activity". 
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14, V.I. Gerasimovskiy: ''Geochemical 
Factors in the Origin of Nepheline Intrusions in 
the Lovozero Massif". 


15. R.M. Yashina: 'Magmatic Replacement 
of Marble in Alkalic Petrogenesis of Southeast- 
ern Tuva". 


16. A.P. Lebedev: "Genetic Types of 
Titaniferous Igneous Complexes". 


17. G.S. Dzotsenidze, of the Georgian 
S.S.S.R. Academy of Sciences: Yu 
Loewinson-Lessing And the Problem of Cau- 
casian Diabases". 


18. M.A. Kashkay, of the Azerbaydzhanian 
S.S.R. Academy of Sciences: "Spherulites and 
Nodules in Rocks, Minerals, and Ores". 


19. G.P. Bogdasaryan, and K.G. Shirinyam 
"Magma and the Origin of Extrusive Rocks in 
Deep-Seated and Extrusive Igneous Activity in 
Armenia. é 

20. Ye.K. Ustiyev: "The Okhotsk Volcanic 
Belt and the Problems of Volcano-Plutonic For- 
mations". 


21. Yu.M. Scheinmann: ‘Relationship Be- 
tween Major Structures and the Composition of 
Original Magma". 


22, M.V. Gzovskiy: "Tectono-Physical 
Characteristics of the Genesis of Various 
Magmas". 


Short addresses were given also by 
Academician D.V. Nalivkin, V.S. Koptev- 
Dvornikov, P.N. Kropotkin, N.A. Sirin, V.A. 
Zharikov, V.I. Lebedinskiy, A.I. Strygin, and 
others. 


The Symposium papers will be published in a 
special issue. 


Scientific meetings dedicated to the memory 
of the scientist were also held in Leningrad, 
Kiev, Baku, and other cities. 


The Presidium of the Academy of Sciences, 
U.S.S.R. has resolved to name the Kamchatka 
Volcanologic Station after F. Yu. Loewinson- 
Lessing. 


